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s called a Mag and angles are measured -with a 
ractqr* The^ other sections deal with polygons 
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INTRODUCTION 



Unit 21, Angles atfd Space, concentrates on geometry concepts. 
There "are numerous reasons for including the study of geometV 
in the elementally curriculum. " « 

I . , Geometry is the stlidy of spatial delations and copc^pts. 

These are importaqit in thejipplication of science, engi- 
. neeang. ^nd technology, in art and architecture, in sewing ' 

and pictu^^. hanging, in Baseball and' billiards.' Our sense 
. '-of spatial relations is exercised everyday in countless 
■ '"SE"' It IS therefore obviously valuable to strengthen the 
children's grasp of these concepts. ^ <- 

2. Geometiy is -an important discipline for developin'^ logical 
thinking. -For example, th§_children wfll work with similar 
and congruent triangles. This should help them begin to 
realize that if triangle ABC is similar to triangle DEF, and 
trrangle DEF is similar fo triangle GHI5 then logically, 
triangle ABC can be expected to' be similar to triangle GHI 



is similar t'o 





'n 



is similar to 



F G 
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Another simple exercise in logic is that if two shapes haye 
^ the same number of. sides, and if those sides are the same 
length, and^if alLt'he corresponding angles have the same 
measurement, « then the two shapes are congruent. This 
kind of logical thinking carries over in countless situation^: 

3. In most practical uses of spatial relations and concepts , 
measurement is' an essential elen^nt. Therefore the 
t measurement aspect of geometry iXextended in this unit, 
Whervmeasurement is applied*'to spa'tial ideas., the chil- 
— tiren^s--usrenc)"fniamb^eTs^"r^ reinforced • Consider the study 
of a line: when you measure a segment of a line and apply 
numbers to it, you are able to define it not^only in terms 
" of its location and-direction, but also in terms of how far 
it reaches from here to there. You can look at an ahgl^ 
in quantitative terms alSo. ' When you apply measurement 
to an angle, you find its "mag," UThis is the word the 
.-authors' have coined to mean "the measure df^an^angle" 
*o§.,^«s1^i^as "length" means "the ^measure of a line segment."} 

Ar The understanding of dimension is basic to an appreciation 
of the structure of our ^three-dimensional universe. Dimen 
sion underlies our concepts of maps, surface, structure, 
volume, design and architecture.. In the development of 
these, ideas, the children will work in one dimension (with 
lines), in two dimensions (with- plane figures) and in three 
dimensions (with solid .figures), . .\ 

As you read through the unit before teaching it, you will no 
doubt think of games and equipment you can use that are al- 
ready in your classroom. You ,may want to integf^e some pf 
them into the lessons, or ha:ve_them available^ or ^ use du ring 
free time. Mosaic tile sets, parquetry blocks and\lDuilding 
blocks are the i^ost obvious examples of^materials' that could 
be used. You y/ill surely knd many ways in which the sub- , 
stance of this unit can be extended into other ^classroom .ac- 
tivities,, sinc^ the^ concepts are 'so clearly reflected in every- 
day life. ^ ' " - ^ 



SECT TO N ONE : ANG LES 






^^^^^^^ ^^^^ 
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SECTION 



--A-NGtES-A-NDTvTEASWEMENT 



• 'Section I begins with an, extended review of the concepts of 
point, line and line segment,^ and intrbduce's the concept of 
ray*. Jhen 'ifituitive hotioris of a^ngle -a re-- explored and devei- ' 
•opedV The children are- expected to be. able to discover a - 
simple definition of angle (two rays^with a common origin) 
and to, learn how tq name angles. . ■ 

In this section) the children. add the measurement of angles 
to the other measurement skills they have already de^ve loped. 
First, they compare angles indirectly by using various sim- 
ple devices and then, dire=»ctly, by superposition. This jeads 
them to see that a more practical and precise method of mea- 
^ surejnent wouid^be useful. For this, they are introduced to 
' the clock 'face protractor. It should be easier for. the chil- 
dren to read the clock face, rathec than the traditional 180 
protractor markings. (Degree measure will be introduced in 
Unit 26.0 Thp children are also. introduced to^a new word,' 
"jmag.*'- This.; word -means "the measurement of the; angle." 
We coined this word to"help;the children avoid the confusion 
-that often occurs, when discussing the concept of angle and,^ 
the measurement, of angle. You can talk about the mag of an 
angle just as. iyou talk about the* length of a line segment pr 
the weight of ;a mass. „ 

Having acquir^ed these geometry concepts and the' vocabulary 
for expressing them, and having acquired a tool and the skill 
for measuring the mag of angles, the children are given a good 
deal of experience measuring angles they find in the world 
around them. ^For exainple, they find and measure angles i'h 
photographs and drawings of trees, leaves and.animals. They 
are given ^nother tool, the angle finder. They can us*e this 
tool, along with their clock f ace"^Yotractdrs , to discover and 
measure angles they can form with parts of their own bodies. 

In the later les<sons of this section, light beam^s are used as 
physical embodimento of geometric rays. This lead's to the 
study of angles of incidence and reflection, as in optics, and 
illustrates the application of*angles and geometry to the phys- 
ical sciences, iln Les^son 8, the last lesson in this section, 
we describe a Ught reflection activity center, where the chil- 
dren can .experiment freely to discover interesting facts about^ 
light and its reflection. 



Lesson 1; POINTS"-, ' LINES. AND "LINE SEG MENTS ""* " ' 

. The concepts of points, lines and lipe segments were intr.07^ 
duced m Unit 10.^ Tlfiis lesson is an extended, review. of - 
those concepts:/. The amount of time you spend on'the activ- 
ities will depend on whether or not the children have studied 
Unit ro and how much they remember of it. 1 - ' 

The children review the ideas that a line is made up of^points 
^ cjnd that the shortest distance between- two' points is measured 
" along a straight line. They alsjD develop riVethoas of nam-- 
ing points, lines and line segments. 

'MATERIALS ^ * - - * 

30 "straight pins 

— 30 niagnifS^ing glasses , . ' " ' 

— .30 boxes Qf crayons - . 

' / - 30 mlers - - . - . ' • ^ ^ J 

- — transparency of Worksheet 4 - . . 

' — colored pencils (optional) \ ^ / 

— « yam^and needles (optional) _ , 

— transparency of "Curve of Pursuit" ' (optional) 5, 

— Works'heets I - 5 

PREPARATION ^ *\ ^ 

/ ^ Make, a transygarency of Worksheet 4 and of the "Curve of Pur- 
Jesuit.'* Use a, copy of Worksheet 4 from the Student Manual; 
the printed original of the curve of pursuit is. included in the 
Appendix at the back of this manual'. — — ^ — ^ ^ ' 

PROCEPURE . « * 

Activity A ' ^* * . 

The purpose of this, activity is for the- cjiildren to realize tK'at 
a geometric point -is, so small that we can't see it. They 
should realize that to refer to a p^oint, they need something to 
represent that^point /^i. e, v a dot. 

Have-^the children make a dot with a crayon near the center qf 




the circle oh Worksheet !• Ask 
them to use a pencil to make a , 
smaller dot in the center of the 
crayon dgX, Mhen a*sk thg chil- 
dren if th-ey could make an even 
smaller dot inside the pent^il dot, 
Ask: ^ 

WHAT COULD^ WE USE TO 
MAKE THIS SMALLER DOT? 
(Let them speculate.) 



Give eacf^ child a pin^and a magr, 
nifying gl^ss. They should Ihen ^ 
make a pin-hole in the center of 
the pencil dot and look at , it with 
their magnifying glasses/ As^k-if 
it would be possible ta mak^ an 
even smaller dot in the pin hole. 
They might say^that they haven't 
got anything with ,which to make 
A smaller dot, but it app.e^rs that 
it would be possible. Someone 
. . rn^y suggest that a microscope ' 
.would have-to bemused to see such" Vsmairdot/ Ask what 
would happen to the '^smallest" dot if they kept making their 
.dots Smaller and smaller, (It would become invisible or it 
v^ould disappear.) - - ^ ' 

Tell the children: " ' . ' 

WE HAVE A NAME rpR THIS "SMALLEST"- DOT THAT WE " " 
6AN^&EET-rn§~CALLED A POINT.,-. ■ 



IF WE WANT TO TALK ABOUT A "POINT, LIKE A POINT NEAR 
THE G£NTE.^ OF THE CHALKBOARD, HOW COULD I SHOW 
YOU WHERE IT is" LOCATED? ' ^ * 



Let the children dis<:uss different possibilities. Lead them 
to the idea that we need som'^thing like a dot tc represent a 
point. ' • . - • 



Have someone draw two dots anywhere on the chalkboard* 
Tell the class that these two dots represent two differe^ht 
points. Say that you want to tajik about just-one of these 
points . How will they know which point you are talking, 
about? Have someone describe^its^iocation/ Then ask if- 
there is an easier way to show which point you want to, talk 
aboufr -Xead the children"" to name the point in somQ way, 
e.g; point ''Harry:. " Tell them that mathematicians use an 
even shorter methocTof-^naiiuTi^ a paint. They use a capita! 
letter, which ~is^. like* a person' s^lnltials^ Have, a child label 
the two points on the chalkboard with any-aagiital letters. 




Draw several more dots on the chalkboard and have other chil- 
dren label them, using different letters. Then ask someone 
to locate .specific points by naming them. - - . - 

Activity B ^ . ' ; . 

Put two dots on the chalk-board, abdut six feet apart. Name 
- them D and E.^ Tell the clas*s that and E are names for- the 
'^points represented by the two dots. - . 

Ask the class how many dots they think could be placed be- ^ 
^ tween points D and* Write a few of their guesses on fhe 
^chalkboard. Then ask two children to put as many dots as 
possible between points D and E.^ Remind the class that 
• these dots represent pointy so small that we can'tsee them'. 

' d; ^« E 

When the two children are satisfied that they have ihade as 
many dots as possible between points D and E, ask if some - 
other children.think -they ..could place more dots between D and 
E. Let them„ try. Keep insisting that they Can place more 
dots between points, D and-E. 'S orfieonfe will ^probably start 
erasing larger dots and replacing them with many smaller dots; 
encourage this. The children should^ eventually realize that 
if they continued this process 6f making .smaller and smaller 
"dolls, they could place "billions and'blllipns" of dots between 
' these. two points. ' « ' ' 



Then ask them to imagine how many points there- cou Id-be -be--- - 
tween these two po.ints. However large a" number the children 
come U.P with there is always a larger OAe..._There. is actually- 
an-infinite hurnber of points between' any two points,- however, 
at this level we do not expect the children "to'comprehend the' 
the concept of infinity. We only expect' them to c-onsider the 
concept of infinity .as being "fantastically large," or. "going 
on and on forever" or "'larger than anything we^arnmagnr^''-^ 

Now ask a group " of children to ^'place as many .dots as possi- 
ble on the straight line extensions p'ast D and past E to the • 
ends of the chalkboard. ' ' 
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When the .aeries of dotsres-^embles^a lipe, a'sk.'the children to 
return to their desks. Ask;them how^faWhey^cpuld liiake dots 
If they didn't have to stop at-the edges oTthe chalkBoaTd-but^ 
could go on through the,fSchool wall; the city, country, sky/ 
outer space, etc. The children should reply something likei- 
■ "on.and ori forever. " Th«n ask the children. what their series 
of dots looks like. - (Aline.) . . 

Ask the children haw they could show that the line doesn't 
have to end at^the chalkboard edges but could go on and on. 
iead them to place^ arrowheads on the ends of this represen- 
tation. ■■ . 



Ask the^class how they made this line. (By placing a set of 



'dots on the chalkboard.); Then ask: ' ^ - • 

~ WHAT DO THE DO OR STAND FOR?^. (Points.) 

The chfldren -should realize that since their chalkboard Tine"^ 
is^made of a set of dots,, and that since the -dots, represent 
points, the line can be thought of as a set of points that go 
on and on forever. ^ * 

Use colored chalk to outline the section of- the line jDetween 
points D and E. ' . ^ " 



Ask the class if they cari remember the special name for part 
pf a line, such as the. colored part between points D and E. 
Remind .them of the name "line segment. " You Tnay„,want to 
,tell the class whati:he. word "segmerit" rheans by giving 
examples of how it can be usefi in various contexts'. Then ask: 



*WHAT ARE THE POINTS AT THE ENDS 9F THIS LINE SEG- 
MENT? (Points D and Ej' ' ; ' ' . 

DOES A LI-NE HAVE END POINTS? (No, because a line goes 
on and on. A line segment has two' end points,) 

Review the following ideas* with the class, 

Draw a figure like the one* below on the chalkboard; 



Ask the class what this figure represents^, (A line segment.) 
Then ask how-they know that,it is a line segm^rit instead of 
a line/ (It has two end^pofntsj Ask them what 
h.ave to do to show that the figure represents a line,^ (Put 

rrowheads at the ends-.to show that it extends endlessly in 
both directions J » ^ " ' 



Activity C 



Review ^with the^^cflass the procedure used to name pqinf§. 
Then ask them k they can think of a way to name a lina. 
(Sbmeane may remeniberirom the work in Unit 10 that two 
points are-neaded to name a" line. If so', ask him .why we 
can't always name a lin,e by using just one of its points. )« 
-aojneonejnay suggest naming it using one of the points on 
the line, e7g7T*iifi-e-,D..^/ • . \ * 



IS THIS THE ONLYX-INE THAT C'AN PASS THROUGH POINT 
^— .d:?._(.no..) .... , 1 _ 

Draw another line through point D. 




WHICH- LINE IS LINE D? . (The children will probably see' 
.that both lines coiild be balled line D,,) 

Then ask: 

HOW MA1^^.Y STRAIGHT" LINES CAN W^ DRAW THROUGH 
- POINT D? ■ ■ ■ 

Let various children draw lines ..through point D/ using a 
straightedge. " . 



The children should realize that it is possible to draw ifiany 
* straight lines through p/:)iot iD, Th^n ask: 

HOW DO WE KNOW WHICH LINE IS LINE D? THEY COULD 
ALL BE CALLED LINE D, THIS pOESN'T^SEEIVI TO BE A 
" VERY ACCURATE WAY TO NAME JUST^ONE LINE. CAN ANY- 
ONE THINK OF SOME OTHER WAY TO'nAME ONE LINE? 
(Name two points on that line,-) 

Draw another line on the chalkboard .and label two of Us 
points, ' ' . • ' 

< — ^ 

^"^Thi^.is called "line AB",or in mathematical notation , 
Write Im^AB and AB on the chalkboard' and explain the no- 
. tati6n:to. the- children. Al§o explain that if we are^alking 
about liriQ segment A'B, we would write either line' segment 
AB or AB* Draw sev.eral lines and line segments on the chalk- 

. : board/ label two points qn each, aj^d have the children writ e^ 
the correct notation on the chalkboard.' • ■ ^ ^ 

Erase all lines and line segments except line j\*B/ and ask the 
class if naming two points on the line is enou^jh to determine 
, one straight line. Let several children try to draw another 
straight line through points A and'^B, using a straightedge. If 
the dots are drawn tOQ large, they will be able to draw more 
than one line through the two dots. Remind the children that - 
dots A and B represent points A^and B which are so small 
^{they have nd'^imens ion), that only one line can extend. through 
them. ' ' ^ 



Have the children -complete Worksheets 2 and 3. 



Unit p 



Color An Krecn. 



Color line AH red, 
. Colour CO blue. ' Color Mne 6eKment CD yellow 

Color line ST ycUcwr, Color W rcU. 





Use your ruler to (Ifnw 1 fne AB. ^ 



Color line seument AB blue. 



Color ne yollow. Color UK blue. 



ye- lU w 



Horksbcet 3 
Unll 2f' 



UIh'I (hose Um'*5. 



< 



1 iiic 
I hiv 



UMnir points a. W and C. join eax:h |x>ln.t .v*nb 
•^uuithor ixHnU Ho* many stral«b( line secwnt* <Ua 
y<Hi dr.'iH? 3 




WlKit are the names ^of aio line .segments that you drew? 



lane sajpyj ajn-^-./lA A(L. 



Activity D 



Each child will need a pencil and a ruler to do-Worksheets" 4 
•and 5. 'These works.heets show the difference between lines 
and line segments. The^^ also give the children experience 
in recognizing patterns showing rotational syminetry (repeated 
patternsy. The children could^start working on them during " 
math class and complete them*,as an atr activity ^ 

On Workslj.eet 4, the children are to draw straight lines using, 
a ruler ond a pencil. ' Copy the worksheet on the chalkboard ' 
or project a transparency of it and,^ demonstrate how toJ'g)in • ■ 
the points. Fir^t'draw line AB to the edges of the worksheet. 
Then draw line CD all the way to the edges of the worksheet. 




Worksheet 5 
UaU'21 



Name . 




r 



n3> 



Point out that after you drew line AB, you moved over one 
space froin points A and B to^ draw line CD« 
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To 4raw the next line,, move over one space from points C 
and'p to the ixext pair\of points • . - . 




Ask someone to draw the line through the next pair of points, 
etc. *When you fe^l the.'<cl:).ildreii uaderstarxd the procedure-, 
have tiiem do WoriSfs'heet 4. .As the 6hildren complete it/' 
quickly check their work arid then instruct them to go on to 
Worksheet 5\ . ^ 

Worksh^eet 5 is the same as Worksheet 4, except that the : 
children draw line\segments (between the points instead of 
lines thrbugh \he points;. " , 





0 
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Activity E (Optional Art Activitie's) 

Coloring ^Patterns . ' ' ' « . . 

^Have the children use colored pencils to color the repeated 
'^patterns, on Worksheets" 4 and 5. They could then carefuHy 
outline the lines and line segments with a black crayon, 
TThfise worksheets ,w6uld make a very attractive bulletin board 
display, . ^ ' - '♦-^ '''^ ' . ^ 

Curve Stitching ' ^ ' • 

^ ^ — - . . ^ 

• If the children are interested, you m-ay want to do some curve 
stitching, usi-ng yam arid needles to'Mtitch patterns ^drawn on 
tagbpard. ^ . . - , ^ 

L Marie a piece of 10" x 10*' tagboard into qu|^rters ; 

2. ark points along the Pnc .segments at IH.rich intervals. 
Label ihe points on line segment XY with .iQjtters and the 
. ^ points on line segment AB with numbers. 

' ^ A 



X 



li 

Zi 

3i 

A B C D ' 
» • • » 


1 

^ 6- P 6 H 
• • » » 


Si 
Ui 
7( 





Before starting the stitching, the children should poke a 
h'ole through :the tagboard with the yern needle at each 
marked point. 



,5, 



•Begin stitching from the back ' ' 
of the tagboard. Knot yam, ♦ . 
then pull needle and yarn through 
I • Insert in E and come up 

^ through F. Demonstrate the 
stitching to the children and 
have them follow you step by 



Continue sewing curve by 
stitching from F, oyer to 2, 
up through 3, and over to ^ 
G, up through H, and over 
to 4. 



/ i 
3i 

t • • 


\ 


i 
i 

* i 
i 


> e P G H 




1 ^ 














i.4 





6, Those children who did not 
have trouble with this ,may 
want to do another section/ 
Number along the^ linesv as 
,s shownv Then stitch next 
curve as- follows: H to 5^- 
6 to F to 7, 8 tp 




Activity F: Curve of Pursuit (Optional) * 

Project the. transparency of the cu^e of pursuit. ' Tell the. 
following story while completing the curve. 

Abbreviated version of story . ^ , 

The rabbit comes in through the hole in the fence and goes to 
the upper left hand corner of the yard where the carrot garden 
is located.. He starts eating the carrots. Suddenly the sleep 
ing dog wakes up and sees the rabbit. ' ^ 

(On the transparency/ this is shown by the line from the dog' 
eye to the first fence post where the rabbit is located.) . 

The rabbit se^s the dog and hops one space (one fS^ce post) 
toward the opening in the fence. The dog moves one space 
up the line toward the rabbit. 

(J ^ 

(To mark the dog's new location, measure up | inch from the 
dog's eye on the^>given line and make^a dot.) 

The dog sees the rabbit at the second fence post. 

(Draw a line from the dog's location — the dot you just fin- 
X ished marking — to the second fence post.) 

Each time the rabbit moves one fence post to the right/>jthe 
dog moves one space closer. 

(To mark the next location in the dog's path / measure up ^ 
inch.on the line you just drew and make another dot. Draw 
a line from thi/dot to the third fence post, etc.) 

Ask: ' • ' ' 

*■» 

• WILL THE DOG GET TO THE RABBIT BEFORE THE RABB.IT ' 
CAN GET TO SAFETY? , * 

(Complete the curve of pursuit by marking dots and drawing 
lines. from the dots to the fence posts, as you did earlier. 
See cJiagram of completed curve on the next page.) 



' 0 

OPTIONAL PREPARATION ; ' 

— . • 

; In Lesson 6/ "Finding and Measuring Angles, " an optional 
activity is suggested that requires radish seedlings. If you 
plan to do this activity, the radish seeds should be planted 
now: This will allow approximately one week for them to graw. 

MATERIALS , ^ [ i 

- ] plastic shoe box ' / 
~ soil or sand 

- white radish seeds ' ' _ 
T- plastic wrap or baggies 

- water 

PROCEDURE ' ' 

* "> 
I .> Fill the shoebox approximately half full of 'soil or sand. 

2. Level the surface. 

3. Plant the seeds in rows, about ^ inch below the surface. 

4. Water the seeds. Sprinkle so as not to wash the.^eeds 
away. . 

5. Prop up the shoebox at an angle, using a box or a stacks, 
df bOG»ks^ • : " - 

6. Gover the box with plastic^wxap-'UntilTfie seeds sprout. ^ 

7. Sprinkle with' water daily, especially the higher area. 




Lesson 2: RAYS 



ments 
MATERIALS 



The children are introduced to the concept of a ray and learn 
w^.at^properties rays haVe in com.on with lines .nd Une se"- 



ball of "string or yarn 
- Worksheets 6', 7 and 8 

procedure' 

Activity A 



walk down the ha,ra„d out ^'^0' ~ '° 



'Tell the classr 



IMAGIlME THAT MARY NEVER RAN OUT Op'sTRTMr AMn or.. 

CHALKBOARD USING POINT MO REpfESE|,T " oM^ ™l ' 

Use T as the starting point and draw a "line" in ohp Hiro..- 
away fr^n. it. PlH^erah arrowhead at the end of the "1 ne' to" 
show that It could go on and on forever. - - 



T 

3- 



^ot a Une a^^ L^Untri n^^a"^' ^^^^t^ 
-that there is a name for this new represenu.^™. u'lstued" 



J .i we call its starting point the "origin ".of the ray . 

Draw a representation of a line and a lin^ segment on the . 
chalkboard, above the.. ray. 



A - B ^ ' . (line) 



^ ( line segment)' 



Discuss the following possible comparisons with your class. 

M . All three representations may be named by and are 

determined by two points . . • . ; 

- 2-. Each one may be thought of as a set of points. 

3 The line extends endlessly in both directions, and the 
new representation (ray) extends' endlessly in one di- • 
rection-. . ^ 

A- 'The line segment ha-s two endpoints and the new repre- 
- .* 'sentation has only one endpoint. 

' The line segment can be measured (it has -a certain 
lengJhh the other 'two representations cannot be mea- 
sured. 

Oiscuss the factthat a can be r^^^^^,, 
(BA). 

" > 

It doesn't make any difference in what order we say the letters. 
The sal iTtrue for lirre segment AB. This is not true for a ray 



When we say ray AB (AB)", the a' comes first ancTthe B second. 
This shows that A Is the origin of the ray. Reading from left 
to right, the_|irst letter is always the origin of the ray. If we 
say ray BA (BA)-, we are referring to rays similar to the follow- 
ing, 

-" ■ B - ' -A' ■ 

^ '■ - • — ^ ' 

. • or — . 

< ■ " • ■ . — - — 1 , '■ 



Lead the class to realize that it is less conhising to name a 
ray by saying the origin first, and then another point on the 
ray. You may want to draw several rays ,on the board and have 
various children label and name them, making sure they 
always name the origin first. Use the. notation AB, etc. 

Activity B • .■ . 

This activity may be done in the classroom or outdoors ^Choose 
a child (Oliver) to be the origin of a ray. Choose another child 
(David) to be the direction marker. David may stand -anywhere. 
Ask th6 other children to imagine the ray which originates, 
atarts, or has its ohgin at Oliver's feet and extends in the di- 
. rection ^rom Oliver to D.avid and beyond. They should stand on 
this ray. Most chiidren will probably stand in a roughly straight 
line between Oliver and David. Suggest that they are rather 
crowded. Where else could some of them stand, and still be on 
the imaginary ray which starts at Oliver's feet arid goes through 
. David's? (Beyond David.) You may decide^ to have someone 
sketch the ray on the floor with chalk, with an arrowhead to 
indicate the direction in which it continues. 

Oliver -j 

David 



> 



Ask children to suggest possible names' for the ray (ray OD or 
OD). Make sure 'the- first letter is the origin. 

■ ^1 

Have the children stand around in a haphazard arrangement. 
Call out the names of two children for origin and direction * 
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/marker of an imagined ray— these two are not to move. The 
other children should hurry to stand somewiSere on the imag-^ 
inary ray. Be sure you always say which child is the origin and 
and which the direction marker, i,e, **This ray has Opal as 
origin and it goes\toward Dianne and beyond her, " Repeat 
with other children who are standing in jdifferent io.cations. 
Be *aiert for children ^who stand on a line through OpaTs and 
Dianne*^ feet, on the other side of Opal and Dianne, but not 
on the ray which starts at Opal dnd extends* only in the^plirec- 
^tion toward' and beyond Dianne. * 

For Variation, yoa could use olpjects — trees, bushes, play- 
ground equipment, "'•or chairs, desks, books and erasers 
placed on the classroom floor ;;;^as origin arid direction , 
markers. Rays cpuld be marked with string, chalk, or a 
stick drawn through s^and. You could also" make this a timed 
game, calling put the'ray'5 or/gin and .direction marker, and 
counting^ quickly to ten,* All/who are not standing on the ray 
when you reach "ten" are odt, You*could also call out lines 
•and line segments. 



ttorKshcct 6 
I'riU 21 



Draw line scuroents AC, M)t 110, ilK^ "KC. 




Activity C 

Have the children complete Work- 
sheets 6, 7 and 8, These .work-* 
sheets are printed on tracing p^aper 
so that when they are laid on top 
of each other the children can 
make comparisons of an enclosed \j 
figure made by lines '(Worksheet 
8), line segmehts^ (Worksheet 6) 
or r^ys (Worksheet 7) . This way, 
the children should see that'4 
ray arid a line segment are always 
part of some line, and that a line 
segment may be extended into a 
ray or a line. 



Inlt 2i 



Ornw rnvs AC, AO, PI), (JK. 




\ 



Worksheet 8 
Unit 21 / 



Draw lines AC, AD 
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Lesson 3: iNTROpfjCING ANGLES " " 

'• ' ' — : ' ^ 

^ In the next few lessons, the children will be studying angles.. 
In^this. lesson they are introduced to the^concept of an''angle; 
they learn that angles can 'be different and that the-length of ^ 
the- £5ides bf an angle has nothing to^do with the measure of 
the angle. The children should get an intuitive feeling foran 
angle. They also develop the definition of angle and find ex- 
.amples of angles in the' classroom. ^ . - 

MATERIA.LS . . - ~ ■ ■ . 

. — 100 pipe cleaners * ' . * ^ ' 

- I, large pair of spissors, .10" to 12'' long 

- I small pair of scissors 

- rulers 

- Elmer's glue (optional) 

- overhead projector (optional) 

- construction paper 

- 5 boxes of toothpicks (optiorjal) 

PROCEDURE 

Activity A 

Hold up a large pair of open 
scissors. Trace the angle 
formed by the cutting edges - 
of the scissors .with your 
finger and ask the children 
if they know what we call 
this figure. Make angles 
^ of various magnitudes, i.e., 
acute angl^, right angle'/ ' 
obtuse angle, by moving 
the blades . 




If no one thinks of tKe word angle, say it;- Then have the 
children point out .examples of angles, such a^ those formed 
by the corner of a desk., took, property block, etc. They 
can also trace with their^inger the angles generated^when 
they move different parts of their bodies • * ^ 

A^k the class': 

WHAT WOULD A PICTURE. OF AN ANGLE LOOK LIKE-? 
jDiscCiss various' answers for a few minutes.) 

Then ask: . . * 

WOULD SOMEONE LIKE TO TRY TO DRAW A RICTURE OF 
' AN ANGLE? • 

Let" different children come "to the chalkb.oarS and try to. 
draw an angle. Have chalk and straightedge on the ctialk ' 
tray for the ohildreln. to use. After they have experimented . 
for a while, help them draw &n angle.'. ' - 

Your chalkboard diagram may Jook 'like this. - - - 




Place the scissors alongside the chalkboard'^dlagram so 
that the angle formed by the bladfes of the sctsso'rs will 
coincide' with the diagram. 




DOES THE CHALKBOARD, DIAGRAM REPRESENT THE ANGLE 
i HAVE FORMED WITH THIS SCISSORS ? (Yes . ) 

Place a much sijiallec scissors alongside th^ diagram and 

ask the same question. (The chalkboard diagram represents 
"the angle formed with'the smaller 5cissprs v too J Point out 

the different blade lengths of the two** scissors, Mention . 

that the same chalkboard diagram represents the angles' 
.formed by the different scissora, even though the lengths 

of the sides of the scissors were not the same. 

Using a straightedge, extend the sides of the chalkboard 
angle. • , • ^ 



IS THIS THE SAME ANGLE I HAD BEFORE? - (Let^the 
children speculate J " i 

WHAT HAS CHANGED IN THIS DIAGRAM? (The length of ^ 
the sides J , ^ 

Extend the sides of the diagram even more and ask the same 
questions. 
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Tell the cUss that they- are gbing to make, representations, of 
angles from pipe cleaners. Give each child thr.ee. pipe cleaners, 
Demonsti'ate how to m;ake the rejpresentation. Th^correct way 
is to put 5four fingers 'close to the si^t where^you want to bend 
the-pipe cleaner;" T.h4;wr6ng technicjtie Is toehold the pipe v 
qleainer at each end,. Dfeino-nstrate both the right and wrong ' 
techniques. .. --^^ , " - ■ - 




Encouraeie them to bend the pipe cleaner in different- places, 
not- just in- the middle. • • 




After everyone has made his pipe cleaner angles, divide the 
dps s into groups of four. Each group should put all its angles' 
into one collection. Ask each group to' try to arrange its , 
.angles in order from the largest to the srhallest.* Each group, 
•should be encouraged -to work together to try to figur^ out a 
method of d.ecid^ng whtch ?ngl|s are larger or smaller. 'Some 
children may focus their attention on the length of the sides.- 
Wlien this happens, remind them of the scissors activity. 

.» . ' ' ' 

This activity should give the children an opportunity to inves- 
tigate and- experiment with angles before .they develop* a 

• --4a-. ■ • ■ ■■ 
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definition of what an ah^l'e is and how it is measured. 
Accept and encourage any reasonable arrangement so long 

the children have devised: a definite scheme for, ordering 
•and can explain it to you, • ' . 

Aft§r 5 or 10 minutes, check each group's arrangement* If 
their angles are rioi in correct order, place one angle on top 
of ariotfier and as k.tjie group which angle is larger.' Lead 
the group .to s'uperposd^ one angle on another with one side 
and the vertex supefpps'ed, ■ * 

« * • . ■ ' c ' 




Caution the children t'o hold just one side of -each angle . 
togethe,rv .some may want to hold both sides together, 
bendirig a pipe eleaner irfThe prbcess,- Lqad the children 
to the conclusion that the angle whose side extends. far- 
ther to the left, when the second sides are superposed, is 
the* larger angle, - (This will be explained in more detail - ^ 
in Lesson. 5,) ^ 

for added. motivation, you may want to make this activity 
a contest; the group that correctly arranges its angles 
first is the winner. When one group has' completed the 
activity, ""and the other groups have nearly firiished it, .ask 
-the children in the winning group jo demonstrate to the clas 
the method they used to or4.er thear angles, « . . • 

Have the children look back at /our chalkboard diagram of 
an angle w^tb extended sides. / 



Show the children two pipe cleaners that will bath fit exactly 
oa the chalkboard angle but are bent in different places. 




Superpose each of them over thd chalkboard diagrapi and 
ask'/ " • > ' / 

DO THE TWO PIPE CLEANER ANGLES REPRESENT THE 
SAME ANGLE AS THE CHALKBOARD DfAGRAM OR DIFFER-' 
ENT ANGLES?^ (The same,) WKY? (If they were larger 
or smaller'7 one of the ..sides would^protrude.) 

ARE THE LENGTHS OF THE SIDES THE SAME? ^ (NoJ 

Lead the children ^to the conclusion that the length Of the 
sides h^s nothing to do W.ith ^he size of the angle. Discuss 
the chalkboard diagram in more detail. Ask; 

HOW CAN WE SHOW ON THE CHALKBOARD THATJHE 
LENGTH OF THE SIDES DOES NOT MAKE: ANY DIFFERENCE 
WHEN WE MEASURE THR^SIZE OF THE ANGLE? 

Lead them to draw arrowheads on the endpoints of the line 
segments to show that they could go on and on, without ' 
changing the size of the angle. 




The class should now be able to tell you in their own words 
vyhat an angle Is. (An angle is two rays with a common 
oriqinj 

Save the pipe cleaners for Lesson 5. 



^1 ^ 
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Activity B ' • ^ 

This activity has two versions. 'Version II is optional'. 

... ..\ ■ . 



Version I 



n ^|iow the children a diagram, similar to the one below /made 
iip offline segments. (Use the overhead projector if possi^ble.) 




Ask: 



CAN ANYONE SEE ANY ANGLES REPRESENTED ON THIS 
DIAGRAM? . ^ . ^ 

Let different children come to the projector and po\nt out 
different angles. Emphasize that the line segments^only 
represent angles — that angles are rays and that ray^^go 
on and on. c 

Let each child draw a picture of something using only 
straight line segments. Time this activity for about 5 or 
10 m-inutes. As soon as the time period is over, each child 
trades his picture with a friend, who counts the number of 
angles he can find in t^^o minutes. He writes this number 
in a corner of the picture and. then returns the picture to- its ^ 
owner. Then time the children for two more minutes , while'' 
each child counts the number of angles in his own picture. 
He should write in a corner of the picture the number of . 



angles he found. The pair of children now compare their 
findings. They can work together couWing the angles and 
resolving disagreements. . ' 

Some child may say this figure determines Jwo different 
angles, while his partner may see three different angles. 
(The angles are indicated by the arrows.) 




When using a diagram such as the one above, you may want 
to explain 'that even though angles are rays, we often leave 
off the litUe arrows (shortcut notation). 

Vers ion II (Optional)^/ 



Have the children make two dimensional figures or three 
dimensional sculptures with toe^thpicks and Elmer's glue. 
Then they should count the angldi^ as they did in Version 1. * 
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Lesson 4: NAMING ANGLES 

— ■ ^ . r 

In this lesson the children continue to work with angles and 

develop a method for naming angles. 

MATERIALS 

- Worksheets 9 and 10 j 

PROCEDURE 

Activity A - 

Begin this activity with .a discussion like the following'^ 

HOW DID WE NAME A LINE? (We^nameci ^two points on * 
it. W , Line AB.) , * , 

HOW DID WEJ^AME A UNE SEGMENT? (We named its 
end' points. AB Line segment AB.) 

HOW DID V/E NAME A RAY? (We^named its end point 
first and then any other point. AB Ray AB. ) 

You may find it nec.es sary to quickly review the procedure 
u.sed for naming lines, line segments and rays. Emphasize 
that the origin of a ray is named first*, the order is important. 

COULD WE USE TWO POINTS TO NAME AN^ANGLE? (Let 
the children speculate, and then try if.) 

Example I • 




In Example I,, naming two points, or even one point, daes 
not present any problems we can tell which angle is which. 



Example 2 




WHICH ANGLE IS ANGLE AB? . ; *\ 

Outline two of the three angles with colored chalk. Then 
ask: 

botiJ:angles have ray ab as one of their sides. 
how can we show we are talking only about 

THIS ANGLE? (Point to the-snialler of the^ two angles 
you outlined.) . ' - 

Lead the children to the realization that they need to name- 
three points instead of two. 



\ 



A 




B 



NOW_ WE CAN CALL OUR ANGLE, "ANGLE CAB. " OR 
SHOULD IT BE ABC, OR BAC, OR BCA? ' V' 

Tell the class that mathematicians had this same problem .at 
One time; so, they agreed always to have as" the middle letter 
of the name- of thp eingle the letter at the vertex of the 'angle. 
Thus, this angle can be called Angle CAB or Angle BAG; either 
way is correct, just so the middle letter is always°the letter 
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at the vertex of the angle. Introduce the word "vertex" to the 
chlldren^at this point. , . 

Ask the class how they can name the larger angle you out- 
lined earlier. They will have to name another point on the 
other TdiYr e.g. , point D. 




Now have someone name all three angles as you outline them 
with chalk or your finger. ^ - 

Angle^DAC or CAD ' - . . 
Angle CAB or^BAC 
, Angle DAB or BAD 

You may want to discuss whether or not two points would be 
adequate to name an angle if they were located as follows: 




If another angle can be drav/n through these two points, then 
confusion would arise as to which one is angle EF. Have the 
children try to draw another angle through points E and F. 



Have the children complete Worksheets 9 and 10. Remind 
them that an angle is made up of the rays only. 



Horksheet 9 

t'nit 21 Name 



Color angle faS red. 
Color: ani:le PAT blue. 
Color antJle A AY .creen. 




Color thf larRcr niiKic red and 
laljcl It so its nnme is antcle AIJC. 

Color the snuMcr antcle blue and 
label It so Itl nane ls ancle ftST, 



region be.tv4;«n +Uerasff, 




Horktheet 10 
Unit 21 

Draw ray AB. 
Draw AE. 
Draw ray AD. 



NanHj_ 



Draw AR. 
Draw AT. 




v,uiur «iiKic CAM (true 
Color, anRle BAE yell 



t — 

Color anKle DAT blue. On W 4ie VVXyS sLoU 
Color anRle EAR screen. ^^1^^ . Z'' ^''™^ 

mwt Is the name of the ray that you colored* 
that Is part of two angles ? r^i^ 



Uliat Is the vertex 
of all of these an^lea?. 
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Lesson 5: FINDING THE MAG OF AN AN^LE 



' The word *'mag" is introduced for the measure of an angle. 
We coined this word for the MINNEM AST curriculum , ' 

because there is no single adequate ternr in mathematics to^ 

^distinguish thq concept of an, angle (a union of two rays having 
a common endpoint) from the me&sure or size of an angle. 
This deficie^ncy has caused endless confusion, even in teach- 
ing high school geometry, and we hope that the introduction 
of an explicit word will help clear up the ambiguity. You . 
need only recall that an angle (a special'set of points) is 
distinct from its' measure or '*m^g'* just as a line segment ^(a . 
different special set of points) is distinct from its measure,, 
or length. The children come to see, the need for a way to 
t;ompare angles other than by superposition and they are in- 
troduced to the clock" protractor as a device for finding t-he 
mag of an angle. ' ^ . * ' » 




Ad 



MATERIALS 



- pipe cleane'rs 

- Fuler dr yardstick 

- overhead projector " * 

- transparency of ''clock'' protractor (pr^ovided with printed 
materials; printed original also included in Appendix) 

- 6 " piece of yarn " " - * ' . 

- transparent tape ^ 

- ray cutout " 

- clear- plastic "cloclc" protractors, I per child (provided with 
printed materials; printed original also included in' Appendix) 

-' 1 or 2 blank transparent sheets . ' . ' ' 

- Worksheets I I and I 2 " " ■ 



PREPARATION 



Before teaching' Activity B, assem'ble the demonstration clock 
transparency. Tape the 6 " piece of yarn lo the middle of the 
clock protractor so that it can swing freely all the wagferound 
the -clock face. 




To make a ray cutout, cut a ray shape frdm a sheet of paper. 
Make it 8" to 10" long and i" to |" wide, with an arrowhead 
at one end. 
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PROCEDURE 



Activity A • ' - : 

Discuss the following questions with the children: 

WHEN YOU STUDIED MEASUREMENT BEFORE, "WHAT DID 
YOU MEASURE "WHEN YOU MEASURED A LINE SEGMENT? . 
(Its length.) 

WHEN Y,qV STAND ON a'sCALE , WHAT ARE YOU MEASUR- 
ING? (Your weight'.) 

WHEN YOU MEASURE THE SIZE QF A REGION,- YOU FIND 
ITS AREA . • ■ 

NOW , IF WE WANT TO MEASURE AN ANGLE, WHAT 
*^WOULD WE MEASURE? . . . LENGTH? . . . WEIGHT? 
... AREA? WE NEED A WORD FOR THE MEASURE OF 
AN ANGLE'. THIS NEW WORD IS "MAG. " 

WHEN We'^ALK AB0U3! LINE SEGMENTS, WE SAY WE ARE 
- MEASURING THEIR LENGTH. NOW, WHEN WE TALK ABOUT 
ANGLES,. WE'LL.SAY WE ARE MEASURING; THEIR "MAG.'" 
WHEN WE WORKED WITH THE PIPE CLEANER AN(5lES THE 
ONE WHICH EXTENDED FARTHER TO THE LEFT HAD THE 
GREATER MAG. 

\Draw two angles on the chalkboard that are nearly the same 
m measure . ' • 





Then ask: 

WHICH ONE^OF THESE ANGLES HAS THE GREATER MASr^ 



■\ 
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There will probably 'he disagreement. Have the children vote 
for the angle 'they 'think is^the larger. Write their choice on 
the board. - • ' ^ ^ 

■ ./ . 

A'sk: • . ■ 

CAN ANYONE THINK OF A WAY HE CAN SHOW THE CLASS 
WHICH-ANGLE HAS THE GREATER MAG?^ (Let theru specu- 
late.) . ' , 

• • * 

If necessary, remin^d the children of the^ method they used 
when they put the pipe cleaner angles in order* (Super- ^ 
posing one angle on another,) Tell them we can*t cut out 
. one chalkboard angle and*' place it on top of the other. At 
this pbirit someone will probably suggest bending a pipe 
cleaner to match. one of the angles,, and then placing the 
pipe cleaner angle over the other angle. Do this. Tell the , . 
class this is one method for conjparing the. mags of these 
angles. But what would they do 'if they 'didn't have .any pipe 
cleaners'?* Suggest that there, must be another method of 
'comparing the mags of these angles, 

WE NEED SOMETHING TO MEASURE THE MAG OF AN 
ANGLE. WHAT DO We'uSE TO MEASURE THE WEIGHT 
OF- SOMETHING? (A scale.) WHAT DO WE'USE; TO 
, MEASURE TIME INTERVALS? (A pendulum, water cloc);:, 
watch, clock.) ' / 



-WHAT DO WE USE TO MEASURE THE LENGTH OF A'.LINE' 

SEGMENT? (A yardstick,, ruler, etc.) 

COULD WE USE A RULER TO MEASURE THE^ MAG OF AN 
ANGLE? (Answers will varjr.) ' 

/ ' . ^ 

Let someone come up and try to measure the mag of the angles 
you have drawn on the chalkboard. The direction your class 
takes at this point should be interesting. Let different chil- 
dren try their ideas using a ruler. The following are some • 
possibilities you should watch for. j , 

I . A child may try to measure the length of the sides. 
^ Someone will probably remind him that the sides go 
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on 'and on, so the length df the sides has nothing^ ^ 
to dd with* the mag of the angle. 

He may try to place the ruler^on one ray of an angle 
and move it over io a c6rf(^s'ponding 'ray on the other, 
•^ngle. • . ^ * ^ ^ 




?f one ray of one angle is on ther same line as a ray of the 
other angle,-, as in the diagram, and if'^the child is able to 
hold the fuler at a set angle whilje- moving it over, he will 
be able to find out which angle 'is -bigger, but he will still 
not be able to actually measure the angles. 

Some, very alert child may come^iip with the following 
method, which does happ^en'^to be a-.method of measur- 
Inty the mag of an angle. \Unfortunatelv^, prol^lems 
^'soon develop, ^ut firsf/^the method he may use. 

He might measure off the same length on all the rays, ; 





12*' 



Then 



he^^ghl dr 



draw straight line segments joining the- 



t^o indicated points on both angles, 



If he measures these two line segments, -the^^ngle 
with tne longer li1?e. segment will have the greater ff\ag. 



The mairiv reason we don't use this method for measur- 
ing angles is that it is not linear.' For example, if we 
used this method'for'a 30 degree angle, we would ex-/ 
pect the length of the line segment for a 6-6 degree ^ 



angle to double. It does not, 'The illations hip is 



non-lipear. 





After discussing the ruler as. a idevice for measuring the mag^ 
of an ahgle , tell the class you haVe ^n idea you want to try. 
Draw an-angle (ABC) on the chalkboard. 




Pick up the ray* cutout and say: 

. / \ • • ' • • • 

IF I/,PLACED THIS RAY CUJOUT ON TOP OF RAY, BC (do' so) , 



.. s 




AND ROTATED IT TO RAY BA (do go) , 




I COULD TALK ABOUT HOW MUCH OR HOW FAR I ROTATED 
(TURNED) IT. • 

Draw a larger angle (D2F). (bn the'board. 




Then ask:--^ 



IN WHICH ANGLE DID I ROTATE MORE? ANGLE ABC ^ 
OR ANGLE DBF? (If necessary, rotate ang^e ABC again J 

WE CAN SAY THAT I ROTATED MORE IN ANGLE DEE THAN ' 
" IN ANGLE ABC. BUT CAN WE TELL HOW MQCH MORE? 

DO YOU SEE ANYTHING IN THIS ROOM" THAT HAS SOME- 
THING THAT ROTATES AND ALSO HAS NUMERALS;? (The 
children should readily notice the classroom clo;ck,) 

Activity B 

Show your class the demonstration clock you prepared 
earlier.'' Ask them how it is different from the classroom 
clock. (Zero instead of 12, only one hand, rays drawn 
out to all the numerals / it's transparent, etc.) 

Draw a two hour angle (ABC) on a transparent sheet. Then 
ask the children if anyone can think of a way to use the demon 
stfation clock to measure the mag of this angle. , Let various 



5u 



/ 



childrea try their jdeas . One method is to put the demon- 
stration clock transparency over the transparent sheet with' 
tl^^^-i^^^ zero ray is over one of the rays of the angle 
(ray BA) . Put the "hour hand" (the yarn) at zero and rotate it 
anto the pther ray (ray BC). 




Ask 



HOW FAR DID I ROTATE?" (2 hours or 2 spaces.) 

WHAT COULD W£ .SAY THE MAG OF THIS ANGLE IS'' 
(2 hours or 2 spaces.) 

Draw other angles on the transparent sheet and have different, 
children use this procedure to measure them. Jf the measuve- 

rna.p';°'5'\ , call the 

ang e a 2 2 hour angle, a 2:30 angle, 6r say the' mag of the 
;angle IS between 2 and 3 . , 

\ . ' • 

|If no one asks, raise the following questions: 

DQES IT MAKE ANY DIFFERENCE ON WHICH-RAKOF THE 

' .Sir^-''^''' D^ESIT-MAKEANYDIFFERE^IN • 
^CH DIRECTION WE ROTATE? (Let the children s>e^- 



jr^w a 3 o'clock angle on a transparent sheet. Place the 
iz^ro on either ray, and rotate in different directions. 



\ 
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Examples 









V 





'our angle measured as a 3 HOUR ANGLE OR 9 HOUR . 
ANGLE. WHICH MEASUREMENT IS CORRECT OR ARE THEY 
BOTH CORRECT? (Let the children speculate.) 

Then ask: 

DID WE CHANGE THE ANGLE ITSELF IN ANY WAY? (No.) 

You may want to change tl?e position of the transparency and 
measure the same angle again. 




to measure 
the clock 



Ask the class if they always have to start at 
this angle. Have someone measure the ang' 
starting at 2 or 4 on one ray. They should count i^i^' hours" 
they rotated to get to the other ray of the angle. AgaiB^ they 
will get 3 hours' or 9 hours as their measurement 
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NOTE: At this point you can see the advantage of separating 
the measure (mag) of an. angle from the concept of an 
angle (union of two rays). The old confusion about 
which is the angle , or whether we use "interior" or 
"exterior" angles, now disappears." An angle is 
unique and is simply the set of all points on two rays 
from a common origin. Confusion arises only when 
we attempt to assign a siz^ of measure to the'set of ^ 
points we call an angle. So there is no confusion 
about the definition of an angle^ but there is some 

^ choice in how we measure it. We simply choose the 
most convenient method to suit our purposes. 

Discuss with the class that there are many measures' of an 
angle's mag, and that these are two of them (3 hour and 9 
hour). Tell them that in order to avoid confusiony we must 
decide which measxire to use. Tell the children that an angle 
can be measured" either way, but unless there is a special 
reason to do otherwise, we usually use the smaller reading. 

IF WE ALWAYS USE THE SMALLER MEASUREMENT OF AN 

ANGLE, WE Will only have to use the half of the 

' -CLOCK LABELED 0 THROUGH 6. 

CAN ANYONE MAKE AN ANGLE THAT WE COULD NOT 
MEASUkE WITH JUST HALF OUR CLOCK? THE ANGLE 
WOULD HAVE TO .BE GREATER* THAN A 6 O'CLOCK ANGLE. 

At this point many children will believe they can. Let tliem 
try, u'^ing pipe cleaners, etc. Each time, measure their 
angles with tljie demonstration clock. A 6 o'clock angle is the 
largest angle ,they will be able to make. As soon as they 
bend a pipe cleaner it becomes less than a 6 o'clock angle. 
When you feel the class is convinced that they^ can measure 
any angle using only half of the clock, ask them if they 
would like to have some small clocks of their own with which 
to measure the mag of some angles. 
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Summary 

You may want to discuss and demonstrate this simplified 
method of measuring the m^g of an angle with your class 
before they do Worksheets II and 12. 

Step I Place the center of the clock on the vertex of 
the. angle. 



Step 2. Line up one of the clock's rays with one of the rays 
of the angle. 



Step 3. Count the hours on the clock between the angle's 
' two rays. 




ERIC 







Morkshoet 11 

t'nit 21 Same 






Worksheet 12 

Unit 21 Name 








I'^e your clock to nensure 


(he mac of these ant^les. , 






Use your clock to measure 


the mai; of these nnKles. ^ 
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Tho nvii: of oniric AHC 
nppcars^ to o<itin 1 K>Ohoii rs . 


The nac oX .iiikR' C^^H 
np^rears to wiuol^hours. 








Tlie mac of ancle SOP 
ap|>ears (o f<iunl / hours. 


Ttie matf of ancle LAD 
appe.jrs to eaual/xl hours. 
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The^ fWK of ancle KID 
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Activity O / . "^K. / 

Give each child a clear plastic clock protractor. Work-^ljeets 
I I and 12 give the children practice in measuring the mags of 
angles, with their clock protractors. We have given only the 
small measure of the angles on your copy of the worksheets; 
however, if the childTren give the larger measure, it is also 
correct. 

You will notice th^t on Worksheets I I and 12, the words 

"appears to equal hours " are used. Remind the^hildren 

that this language is used because measurements cannot be 
». made with complete accuracy, even with equipment more 
precise than. their clock protractors. 



GO 
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After the children have.completed the two worksheets, dis- 
cuss their answers. Angle LAD on Worksheet 12 should be 
of particular interest* Let the children figure out this mea- 
surement on..the-chalkbeard and- then discuss the" names of 
the points halfway between one and two, two and three, etc* 




2f 



You could also discuss theTelatib^n^f \^ to 1:30 on a regular 
clock. 



Have the children save their clock protractors . They will be 
used in the following lessons. 
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Lesson .6: FINDING AND MEASURING ANGLES 
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In this lesson tjie children use thei\: clock protractors to meas- 
ure angles that !they find in nature. \Sets of worksheets show- 
ing different natural objects are provided for Activity A. The 
first set, Workphe,ets 13 and 14, shows the angles formed by 
trees and buildings arid the slope of hills. The second set/ 
Worksheets 15, 16 and 17, focuses oWthe angles formed by 
the joining of the branches of trees to\ the trunks of the trees. 
The childreji should also notice the artgles formed by the vein ■ 
structures-of the leavefe. The third set. Worksheets 18 through- 
2 I , shows the angles formed by the skeletal structures of ani- 
mals. The children will be asked to drkw line segments on 
pictures of a dinosaur, a frog, and a gras/jhopper to show the 
angles that are formed by the joints. This set show^ animals 
in a static position, but^since angles formed by joints change 
as the aninial moves. Worksheet 21 is aisequence of pictures 
showing a dog riinning. The children should notice how the 
angles formed by the dog's legs change. \ 

In Activities B'andC, the children are given an opportunity 
to visualize the changing angles formed by parts of their own 
^ bociies. An "angle -finder'* is used to find iangles almost any-^ 
where^<;^n the playground, in Clie classroom, on a field trip, 
at home, ete-.^ ' \ 

'materials . , 

* - r 

\ 

~ 15 angle-finders 

- clock protractors, I per child 

- rulers^, 1 per child \ 

- I set of colored pencils 

- radish seedling set-up (optional; see page ^0) 

- Worksheets 13-22 

PROCEDURE 

Activity A *' 

Discuss with the children the idea of being able ^o see angles 
in the classroom. Hav^ the children trace angles they can 
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find- — desk corner, chalkboard comer/ etc. Ask the class 
if they think they could fihd angles anywhere else, such as 
on the playground or oil; the way home from school. 



Tell the children that today they are going to practice finding 
angles by looking at some pictures in their workbooks.' If 
they want to compare the-mag of two angles they find, how 
will^they do it? (They should remember their "clocks" from 
the last lesson. ) 

Have the children turn to Worksheet I 3. Tell them that some 
of the angles in this picture have already been found for them 
and have been marked on the overlay. Have them look only 
at the trees that have their angles drawn on the overlay and 
ask: 

DO ALL THESE TREES FORM THE SAME"ANGLrWITH"THE 
HILL, OR DIFFERENT ANGLES? HOW CAN WE FIND .OUT? . 
(Measure the angles with our "clocks.") 




Have them write the mea- 
surement by each angle on 
the overlay. All the angles 
should measure approximate- 
ly the same mag. 

Challenge the children to 
fihd angles in the picture 
other than those already 
marked . Have then> use a 
ruler and colored pencils 
to drawdn the angles, either 
on the overlay or directly on 
,the picture. This activity 
continues on Worksheet 14. 

After the children have had 
a chance to find angles, you 
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may want to discuss with 
them questions like those, 
below.'. 

■ WHAT WAS O'HE MAG OF 
THE SMALLEST ANGLE 
. YOU FOUND ON WORK- 
SHEET 13? ON V/ORK- 
SHEET 14? 

.DID YOU FIND ANY 3 
' HOUR ANGLES ON WORK- 
SHEET 13? ON WORK- 
SHEET 14? WE CALL. A 
3 HOUR ANGLE A RIGHT 
ANGLE. 



ON WORKSHEET 14, 
DID THE HOUSE AND 

T-HE TREE FORM THE 

SAME ANGLE WITH THE 
HILL, OR DIFFERENT 
ANGLES? 



. DID 7;HE HOySE AND THE HILL FORM A RIGHT (OR 3 HOUR) 
ANGLE? , • ■ 

Draw on the chalkboard a sketch of a building that is at a 
right angle to the hill on which it is built. 




Ask the children if they can think of any problems they might 
have if they lived in a- building that looked like this; (Furni- 
ture would slide downhill, dishes wouldn't stay on the table, 
etc.) 
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The class should notice that on WorksheetsM 3 and 14, both 
the trees and the building go straight up froni^the hill. 

At this time display and discuss the radish seec^lings that 
have been grown in a tilted box. The children sjiould^see 
that they too have grown straight up. 




When the children *were finding angles on Worksheets 13 and 
14, many of them probably found angles formed by^the^brapiches 
of the trees. Have the children turn to Worksheets 15, 16 ar\d 
L7 Jwhich^abjJj^L^i ^ of six trees . . Discuss with them the 
following questions: 

• J. > • 
ARE ALL TREES THE SAME? (No. Have them nam'^ a -few 
common trees.) 

HOW CAN WE TELL ONE KIND OF TREE.FROM ANOTHER 
• KIND OF TREE? (Look at its leaves, its bark, its size; 
^ etc.)> 

Have the children tear out Worksheets 15-17. Ask it they 
can think of other ways to tell one tree from another. If no 
one suggests looking at the angles formed by the branches 
and the trees, lead to this idea. Discuss how some of the • 
trees .are alike and how they are different. However, do not 
spend too much time on the discussion or on these worksheets. 
Some children may want to measure the angles ^^rmed by 
the branches to the trunks of the trees, finding the trees that 
have the greatest and smallest angles.^ They might also no- 
tice the Angles formed by the vein structures of the leaves. 

WorJcsheet 18 shows a picture of a daddy long legs and 
Worksheet 'l9 shows a picture of a bat skeleton. The chil- 
dren should notice the angles formed by the joints and make 
comparisons .of the various, angles they find, • 



VorkftMOt t5 

ttitt 2t . NniM . 




HorkshQCt 16 
Unit 2) 





'I' 

i 



VorkAheet 17 

Unit 21 . Nttme , 



Morkffheet 18 

Unit 21 Name 



KorkAhect 19 
Unit 2t • 



•0 



Siitoc . 




Unit 21 



Name 




I — 



\ 



• On Worksheet, 20, which'shows drawings of a frog, a 
dinosaur and'a grasshopper, the angles forined by the 
jQint^ are pot evident as theangles\Da Worksheets 
18 and 1-9. Discuss with the childrert how they could' 
better show the angles formed by'the joints. One pos-' 
sible solution is to draw straight line segfnenfs on the 
figures.to represent the skeletal slructiire. Have the 
children do this with rulers and colored 'oencils . (For 
an example, see frog on reducedtcopy of Worksheet 20. ) 
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After the children have completed Worksheet 20, ask the 



m: 



Workiheetr2t 
"UnU 2t 



D© THE FROG'S JOINTS ALWAYS FORM THE SAME ANGLES, 
OR DO THE ANGLES CHANGE? • 



The 'children should realize 
that this drawing was nrade 
of the frog in'a certain posi-" 
tion; 'if the frog moved, the * 
drawing would be differeiTt 
and the angles would change;'- 



N«me 




Tell the children that Work- 
'sheet 21 shows examples of / 
changing angles formed When * 
a dog runs. Discuss the se- 
-"Xjuer^ce of the drawings and 
ask t;he children to point out 
which drawings hre alike. (I 
.and 60 ' Ask them to predict 
what drawing 7 would look 
like and why, (Drawing 2. 
The sequence-repeats itself^ 

Ask the children to compare^ - 
■the angles formed by the dog's 
.back* legs as hen-uns.. What\ " 
are the smallest and largest 
-'angles the joints make?, Tl;i^y * 
could draw line segments to 
show the bone "structure, and 
then measure the angles with 
their ^'clocks." 



^ Activity B 



Ask the children if they would like to find out what are the 
smallest. and Jargpst angles {hat can be formed by tlreir • 
bodies' Joints . Discuss wi^H the children how they,c<fculd ' 
do this since they don't have drawings of themselves running 
or moving^* After the children have had a change to-.make sug- 
gestions and have, tried out their iftethods, shb^^ -them' the 
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"angle -finder, " Demonstrate how the angle-finder works. 
Unscrew the wing-bolt, change the angle, tighten the bolt, 
and trace the angle formed on a piece of paper or the chalk-, 
board. 




Ask the children if they: can think of a way this angle -finder 
could help them find the smallest and largest angles formed 
by their bodies* joints. Have various children demonstrate 
their ideas to- the clnss, using the angle -finder^' One possi 
*ble method is as .oUows: 




A child holds his arm straight. Open the"angle.--finder 
wide enough so that its^'angdfe matches the angle formed 
by the child's elbow, / 



Now have^the jDhild 
"close" His arm as 
much as he can. 
^ Again, place the 
' angle-finder over 
the elbow, matching 
the angle formed by 
the child's elbow. 
Trace the angle and 
measure it. 



Hprksheet 
Unit 2 



22 



Name 



El 



Knoe 



Hrlkt 



NkiK of 



Smallest AnKle Lari:est An«le 



\% or 



3 hrs 




Ask the c|iildren if thej^think 
everyone/in the class will 
form the same angle with 
their elbows. How could 
they finc^ out? Measure 
everyone's elbow "angles" 
and then compare the findings < 

/ 
I 

Divide/ the class into pairs 
and give each pair an angle- 
finder^. Each child should 
tear dut Worksheet 22 from 
his v\/orkbook. They are to 
workj^ tog ether, finding the 
smal/lest and largest angles 



form^ed by each child's elbow, 
and /record their findings on 
the /worksheet." WJien they . 
arc/through finding the mag 
of the angle formed by their 
ell^ow joints , they can find 
th^ smallest and largest an-^' 
gljbs formed by their knees, 
ankles and wrists. 



If a group of children finishes early / they may want to find 
angles formed by other joints of their bodies not listed on the 
worksheet. 

After the children have finished finding the mag of their bodies' 
t angles, discuss their findings. You could make a classroom 
chart showing the range they found for each joint. Then they 
could underline or circle with one color the most common mea- 
sure found for each joint, and the least common measure with 
another color. 

The children should feel free to use the angle-finder to find 
' angles anywhere.- ^Some may want to take an angle-finder 
home to find more. angles. If their interest is high, you may 
want to take them on a nature hike to' find angles around the 
school • 

Activity Q 

If the children are interested in observing changing angles, 
they could use their angle-finders and clock protractors to 
/ 'measure the angles formed by parts of their bodies when they 
are sitting down and when they are standing. Other simple 
movements they could perform include hopping ; walking up 
or down some stairs, and bowing. TRey-could also play 
"Statue" and measure the different angles that are formed. 



Lesson 7: LIGHT BEAMS ■ ' ' 

♦ 

\ In this lesson, light beams are used as physical embodiments 
^ of geometric rays. Beams of light are like geometric rays 
. in some ways — they have their origin at the light source 
and they extend away from- their origin in a certain directions 
(Even though light from stars travels trillions of miles through 
space, Iigh6 beams do not extend endlessly in one direction, 
as geometric rays do. Also, geometric rays are abstractions 
that have ^o "thickness. " Ligh^ beams do have "thickness. ") 
Angles are generated using light'^beams and the children dis- 
cover interesting relations between geometry and light. 

MATERIALS 

— filmstrip projector or slide projector 

— I sheet of black construction paper 

— I4~foot piece of yarn 

— dusty .chalkboard erasers 

— masking tape 

— 30 .mirrors on blocks 

— 5 or 6 flashlights (bring these from home, or borrow from 
other teachers or the custodian) 

— I or 2 angle-finders (from Lesson 6) * • . 

~ for each group of 6 or 8 children. — 

— rubber playground ball 

— plastic bowling pin ' ' , 
— . sheet of 6." x 9" paper 
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PREPARATION • ^ ' 

. For this lesson you will be using a slide projector or a filmstrip 
projector as your main source of light. In order to have a con- 
centrated beam of light, use one of the foHawing devices in 
your projector. " 

I . Slide projector: ' * 



This sHde is made from a 2" x 2 ".piece 
-of black paper. Poke a- small hole in 

the middle of the paper with a pin. Put 
^ this slide inr your projector. When the 

- projector is turned on and pointed toward 

the wall, only a small spot of light * 

should be seen/ Begin Activity A. 

2 . Filmstrlto projector: 



This strip is made from a'\ x 6'"' 
piece of black paper. Poke a small 
hole in the center, about I" from the 
bottom. Put this strip of paper into 
the projector as if it were a filmstrip. 
The small hole should be positioned 
so that light will show through it onto 
the wall. Begin Activity A. 

PROCEDURE 
/activity A. 

Tape one end of the 14-foot piece of yarn to the front lens 
of the projector. 



Darken the room. Turn on the projector and point it toward 
someone (Tom) in the room. Ask another child to describe 
what he sees happening . (Light from the projector is shining 
on Tom.) -Ask: ^ ' ' 

DOES THE LIGHT SHINE -JUST HERE'(point to lens of pro- 
- jector) AND ON TOM? ■ 

Have someone hold his hand in. front of the iens of the pvo-y 
jector. and then move slowly toward Tom, keeping his haild 
in the beam of light.. The clas^-should see that thepe is a 
continuous beamjDf' light from th§ projector^o-Totifr "To il- 
lustrate this further, ha:^e a child clap tw^ dusty erasers 
together while following the beam ofiight. 



H^ve Tom take tfcie other end of-^fhe yarn thaT is^aped.±o_the 
projector and hold it taut. .Tell the- class-that the yarn repre^ 
sents the beam/of lig^ht^x^ou may want to point the projector 
at a few.othej/child^^fT, letting them hold the yarn, and have 
someone else c^lap dusty erasers to make the light beam 
visible. 

Turn on the classroom4ights and direct the children's atten- 
tion to the chalkboard. Tell the class you are going to draw 
a representation of the light beam on the chalkboard. Ask 
them to raise their hands when they notice something familiar 
about your drawing. Draw the following representation on 
the chalkboard. 



Tom 4 — Qz: 



Projector 



Use chalk of a different color to represent the light "ray." 

The class should be able to see the similarity between a^ ---^ - 
geometric ray and the beam, of light. Discuss with the class 
how they are alike and how'^Jthey are different. (Both have 
an oHgin^nd extend away from it in one direction in a 
straight path; however, a beam of light has dimension and 



a geometric ray does not. A beam of light does not extend 
endlessly; a geometric ray does.) You should also discuss 
the relationships among the drawing on the board, the piece 
of yarn, and the beam of light. (They are all representations 
of a ray.) 

, Ask the'class: , * * . 

"fa. > 

IS A "RAY" OF LIGHT ALWAYS STRAIGHT? (Let the children 
speculate.) 

Give each child a mirror. Turn off the classroom lights, cover 
the windows and turn on the projector. It should be the only 
source of light in the room. This should be a time for free ex- 
perimentation by the children^. Have them hold their mirrors 
. so that the light from the projector will shine on the mirrors. 
Keep changing the location of the projector. The children 
shoulcj reflect the light beam throughout the room with their 
mirrors. After a few minutes of experimentation, turn on the 
classroom lights and collect the mirrors. 

Then ask: • " 

» 

. IS A "RAY" OF LIGHT ALWAYS STRiflGHT? (Mo. It can be 
"bounced off" or reflected off mirrors.) 

\ Discuss with the children whether they have ever seen other 
things that reflected rays of light. (Bpdies of water, reflec- 
tions on a lake, \^/indows or glass surfaces, etc.) 

Bring out five or six flashlights. (The children could bring 
these from home or you could borrow some from the custodian, 
or from other teachers.) Ask the class if they would like to 
experiment some more with their mirrors and rays of light. 
* Divide the class into groups, so that each group has a light 
source. -^One group could use the projector. 

Seat each group on the floor somewhere in^the room. Tell , 
them to work as a team, using their mirrors. Each group will 
have a chance to report back to the class whatever interesting 
discoveries they make about reflected rays. Have each group 
turn on its flashlight, and then turn off the classroom lights. 



The amount of time spent on this activity- will depend on your 
class. When you feel they are ready, collect the mirrors and 
flashlights. Let each group come up to the front of the room 
' and demonstrate somefhihg they discovered to the class . Have 
a demonstration set of equipment available for them to use'. 

Activity B " ' 

Set up a mirror and the projector in the following manner: 



Mirror taped to wall or 
chalkboard at saitie 
distance from-the floor 
as the projector lens. 




Projector on d^k or, if 
possible, on moveable table, 
6 or 7 feet away from mirror. 



Before you begin, be sure to focu£ the spot of light on the 
mirror. Then turn off the classroom .-lights. Ask someone^ 
to describe the set-up to the class. (Projector on table, 
mirror taped to wall -or chalkboard, spot of light on mirror.) 
Ask someone to clap diisty erasers .to make the light ray 
visible. Ask the-class what they could use to represent 
the light ray. They should remember the piece of yarn from 
Activity A. Tape the yarn to the projector again, extending 
it to the mirror. Holding the yarn taut, tape it to the mirror 
with transparent tape. 

X ' 
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Turn the projector o{f and have five children -come up and 
stand in a semicircle in front of the mirror. Make sure 
no one stands between the projector and the mirror. 

Have the class predict who they think will get "hit" by the 
reflected beam of light. Then turn^on the projector. The 
one who is "hit" by the Jiight ray should hqld the other end 
of the yarn, keeping it taut. 



Move the projector around the semicircle of children so the 
reflected light ray hits another person. That person should 
hold the yarn. The children should- see that when the projec- 
tor is moved, the reflected light ray also moves and hits-sbme- 
.one else. Turn off the projector and move it to a different 
location. AsK the class who they think will be hit by" the light 
now. Let them vote for their choice. Then turn on the. projec- 
tor, revealing the "victim." Do this a few more .times. 

. Have the five children return to their desks. Ask the class if- 
they would like to play a game called' "Hit Me," using the 
light ray and mirror. Tell them only three people can play the 
game at one time, but the rest of the class should p^y close 
attention and try to' figure out what the trick -is. The first 
person to figure out the trick will be the winner. 

GAME: HIT ME • ' . ■ " ' ' . • ' 

^. Use the same set-up that you used in Activity B. Be sure 
that the light spot is focused on the mirror . The object of 
the game is to "hit" someone in the stomach with a reflected 
light ray. The three players are: 

#1 - Projector mover 
#2 - Light ray duster 
#3 - Person to be hit , 

Player 3 stands anywhere withia the semicircle in front of . 
the mirror, four to five feet oway from the mirror. 

Player I moves the projector to a position within 5 or 6 feet 
of the mirror where he thinks^he will be able to reflect the 
light ray off the mirror and hit Player 3. Then he turns on the 
projector, making sure the light ray strikes the mirror. 

Player 2 hands the other end of the yarn 'to Player 3. Then 
he claps the dusty erasers to make the beam of light visible. 

The class should be able to see if Player 3 was hit by the 
light beam or, if h^e was missed, by how much. 
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Let three ottier children play-the game. Continue until some- 
one in the room is able to figure out the strategy for hitting 
Player 3 every time. Have him demonstrate his strategy to 
the class.. The strategy is as follows: 



A personiwhb holds the yarn and stands to the right of the 
mirror fo^ms an angle. The chalkboard or wall and the yarn 
are the sides of the^angle. The mirror is. the vertex. 



chalkboard or wall 




The projector must be placed so that the angle formed by the 
chalkboard and the light beam equals the angle formed by the 
chalkboard and the yarn. 




Angles A and B have 
the same measure. 



To test this, turn off the projector and use an angle-finder 
to determine the projector-chalkboard angle. 



Then move the angle-fincjer to.the other side of the mirror: ' 
Have iPlayer 3 staad so the yarn and the chalkboard form an 
-ang-le equal to' the proj^ctof-chalkboard angle. • 
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-Turn on the projector. The ray'bf light should hit Player 3. 
Test the procedure again with different angles'. . You may ' 

"want to draw a diagram. on the c^ialkboard showing. the rela- 
tionship of the two angles . ' ' ' , •■\ 

. ' ' ' ' ' •: • 

Activity C . , . 

\ This activity is best done iii the gyinnasium. The cliUdren ' 

apply the knowledge of angles-lhey gained in the 'light- 

i reflection activities to a new situation. Instead .of a light 
beam being reflected off a pairror, a rolling ball will be re- 
flected off a wall. . . " , 

\ ■ ■ . ' , - 

Divide the class into groujps of six to eight children. Each 
group will need a rubber playground ball or volleyball, a ' 
plastic bowling pin (or sobe object that is easily- knocked 
over) and a sheet of 6" x 9" paper. Tape edch group's sheet 
' of paper to tjie wall in the- gym, at floor lever. Each group ' 
' should be allowed approximately ten feet of wall space. 

' ' ' ' * I 
Explain the following procedure to the class and have one 

. group demonstrate it. . 

I 



>V6£Sion I 



/ 



Place a bowling pin.&n the floqpVlthin a three to four foot; 
radius of the paper* 



■ \ 



I' 



The children are to take turns rolling, the* ball so that it hits 
the paper, bounces offhand hits the bowling pin. They get 
ten points each tipe they knock over the bowling pin': 

The children may ."stand 'wherever they wish to roll the ball. 
If a cHi\d 'misses tfie paper, he gets another chance. If he. 
knocks Over the pin without hit-ting .the .paper, he doesln't 
receive any^points. Cautibn the children against spinning . 
-the~baU-<iS they roll it. (The ctngle of reflection will not -be 
regular if they do so,) - ^ ... i • 

Ecich team repeats this procedure three tim^s,. changing-the 
position of the bowting- pin each time.' They should^keep 
'tracjc of their total points. The team with the greatest num" 
bef' of points wins.*' • ' . ' ,f 



A /■ 'f 





/ 
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Tell the teams to try the game again, but tb try to think of 
a strategy that will help them knock over the piri more often 
AAgien the teams^ have completed this .-game,' call them togeth- 
er xn front of one of the team areas . Ask the winning team 
If they figured out a strategy which helped them knock over 
the pin more times. 

You may want to use masking tape to show rhe.,class the path 
of the ball. This will help them visualize -the aVigles formed 
by the .ball's paths and the wall. 



r 




Bowling Pin 



Set the bowHng pin on one of thfe tapes. \nd ha,W 

dr|n roll the ball alppg the other tape. . 

be^able to. hit the b6wiing^l3'ii>,: '.Change-the position of the 
tapes, forming-two- nearly equdl angles with the wall. Again 
place the pin on one of the t^pes and have sortie children roll' 
the ball along the other tape. - 



Emphasize the similaritM between the reflected ball and re- 
flected light beams. (They, both fomfed equal angles with " 
.the wall. ) . • ' • , ' 

Vers ion II • - , 



Instead of using a bowling pin, have a child stand still on ' 
a given spot.. The-'S.ther cl^ldren s-hould tryto make the ball 
hit the paper on the .wall and- then the child. 

Version III 

Challenge a.stiident to put th'e bowling pin (or another'child) 
in a portion where the rest of his team will not be able to 



// ■, • ■■■■■■■ ; ■ 

hit it by reflection from-the wall. Remind them that the point 
they select must remain on the three-four foot radius line. 
(The closer 10 the wall the pin is, the harder it should be to 
hit. Also, if it is set on a line almost perpendicular! to the 
paper, it will be more difficult to hit.) j 



Listed below are some -books the children might enjoy reading 



at this 



,tim^. 



Farquhar, Margaret C. Book to Begin on Lights . New York: 
Holt, ^^Rinehart and Winston, I960. 

*Kohn, Bernice. Light You Cannot See . Englewood Cliffs, 
N,;.: Prentice-Halllnc. , 1965. 

Pine, Tillie S. and Joseph Levine. Light All Around . New 
York: Whittlesey House, a division of .McGraw-Hill 
Book Co. Inc. , 196 ; . , 
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Lesson 8:^ LIGHT REFLECTION ACTIVIfTY CENTER 



light \and how it is reflected, 
time tQ set up an activity cen- 



If thip children are interested in 

you ^^-ill find it well worth your ^ 

ter w^^ere they can explore many interesting combinations of 
the m'aterials that are availablej. After ^few days you could 
have the children report and deihonstratA their discoveries to 
the clhss. 



\ 



Prepare each display as shown jin the photbgraphs.^ We have 
given a detailed description of [one possible use of each display. 
This shpuld help you give suggestions to th^ children. However, 
the materials are not m^ant to be used -in only these ways; there 
is an unlimited number of combinations that^an be discovered. 

MATERIALS . - j . 

I . 

- 2 small mirrors (2" x 4|") ' 

- 12-15 mirrors on blocks , 
V - I set of colored pencils 

- pencils 

- 2 rulers 

- blank sheets of paper 
~ I qus : milk carton 

- masking tape 

- striped transparency (printed original in Appendix) 

- 5 angle-finders (from Lesson 6) | 

- 5 clock protractors (from Le^^^son 5) 

- 2 flashlighjts • | 

- I scissors 

! 

- Worksheet i23 



P>R&PARATION 



For Display 5 make the striped transparency, using 
original in the Appendix, 'for this display, ycj can 
combinations of colored paper or paper with design^ on it. 



the printed 

also use 




Look along ray 5 toward the miadle of the mirror. Looking 
into the mirror, you can see that the mirror* inage of ray I 
is the mirror excensipn of ray 5. Color ray 5 and ray I the 
same color. Measure the angles formed by these rays and 
the mrror's edge. They are equal in mag. Do the same ^ 
thing with other rays and the-ahgles they, form. 




I 



Display 2 




Place a mirror so '""^ptl^ ^ne edge of a ruleC^o that 
-^"-^"^ 'r-:e%T?i^e-.ir^ rXstn o£ the line segment. 
Sarrune l^nr-r ed,. of the ruler up to the .i.or 
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Display 3 




Write the letter R on a blank sheet of paper in front of the 
mirror. Try to copy its mirror image next to the original 
letter. .Now look at the mirror image of the second letter. 
Try to think of a figure whose mirror image is the same as 
the actual figure, e.g. , the letter I . * 



Display ,4: A Periscope 

Straighten the top of a quart milk carton by opening it. Cover" 
the open end with a piece of cardboard'and masking tape. 
Then cut along one long edge of the carton and at both ends. 
" This forms a "lid.*' 




Cut 2" 2" openings at opposite ends of the two long sides, 



2" X 2" opening 

















\ 





2" X 2" opening 



iMake a 2-|" slit on each side as shown in the diagram below. 
The slits should be approximately 2|" from the corners on the 
long sides and |" from the corners on the short sides. 



^" from corner 




2 1" from corner 




i"" from corner 



2^;" fro'm corner 
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Smell mirrors can be .placed \n the corners opposite each open 
ing by fitting them into the slits^ \ ^ 



mirror 





mirror 



Prepare the milk carton with the openings and the slits, ^but 
do not insert the mirrors. Tell the children fhat these ma^reri- 
als can be put togetJier.to make' a periscope and let them try 
to construct one themselves. 



] ■ ■■■ 

Display 5: A Kaleidoscope ' 



Assemble three mirrors as shown so that the shiny surfaces 
are facing. Wrap masking tape around them to secure them. 
Hold combinations of striped transparencies over one end. 
Move the transparencies while looking through the other end, 
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SECTION 2 



POLYGONS 
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In Section 2, the children study polygons,^ They also re- 
view many of the set and classification corlcepts that were 
introduced in earlier MINNEMAST units. First the chil- 
dren classify a set of flower cards . The organizing prin- 
ciple is to look at the polygon shapes fprmed when the tips 
of the petals are connected with line segments! Then they 
classify sets' of cards with drawings of different polygons 
on them. -In classifying these cards, the children consider 
such properties as number of sides and whether the polygon 
is concave or cdnvex, regular or non-regular. Working 
with think sticks to make different polygons, the children 
also consider the property of rigi'dity^pf shape, (A rigid' 
polygon is one whose angles" cannot be changed by pushing 
on the sides,) They aire le^cj to see that the triangle is the 
only rigid polygon. 

There are several interesting activities in which mirrors 
are used tp reflect lines, forming polygons -with infinities 
numbers of sides. 

The children also study similar triangles and congruent 
figures. Verbalization of these concepts is not expected 
at this time. Th% notion of scaling as it was introduced in 
Unit 18 is incorporated into the discussion of similar tri- 
angles. ' 

Finally, the children play with paper polygons to see what* 
relationships they can discover among shapes and what re- 
peating patterns they can find in designs consisting of poly- 
gons. These investigations should be left open-ended,- 

Throughout this section, there is continued emphasis on 
the concept of^angle and the measurement of mag as devel- 
oped in Section I , 
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Lesson 9:- FLOWER POLYGONS \ 

The children are introduced to'the concept o^ polygons,. They 
classify flowers according to the polygons formed' when line 
segments are drawn to connect the tips of the petals. 

Flowering plants diffe-in the numbers and arrangement of the 
parts of the flowers. These' differences are useful in plant 
classification. The children can use the arrangements of- some 
flowers parts to derive polygons . At*t'he same time., they can 
classify the specimens by the geometric* figures derived from 
. / the flowers and incidentally discover that there are many kinds 
of flowers . . . . ' 

Worksheets 24,- 32, 36 and 38 are pictures of flowers which ' 
have -'jur parts. .Line segments connecting the tipsXof the 
petuls of these flowers will yield four-sided polygons^ 




Ail these worksheets show flowers belonging to the cabbage 
or crucifer family, so named because the foUr petals form a 
cross. The flowers of many of our common .vegetables belong 
to this group, including cabbage', radish, turnip, brus^els 
* sprouts, broccoli and cauliflov/er. 

Worksheets 25, 29,_ 30,' 31,^ 35 and 37 are pictures 'of. flowers 
with five parts j/^bich yield pentogons with sides of equal or 
unequal length.- . . 



These flowers ail belong t6 the rose family'. The flowers of 
many common fruits t^elong to this family / including pears, . 
piums, *pea.-ches, apples JstrawberrieS and raspberries. 

Worksheets 26, 27, 28, 22, 34, 39 and'40 are pictures of 
flowers which have three or six pairtSv • The polygons' which 
can be derived are either a single Mangle,^ one'triatigle super- 
imposed on another triangle, or a'hiexagon. '/ 





id.i*the flowers shown are members of the lily family, except 
for the spiderwort, which is closely related to them^' Most 
flowering bulbs belong to_ this family ' • j . - ' 



Worksheeit'41 shows a picture of 'the water lily, whichvrepre^ 
sents a fairly common\f lower type ---that with many parts. 
^The mag)iolias and buttercups h^ve flowers**like this. This ' ' 
worksheet also show.s i picture of the sunflower, which repre-** 
sents the large^^&mily oi sunflowers that includes asters, . 
dairies, dahlias, chrysanthemums and dandelions . The single^ 
head which appears to be a single flower is really .an aggr^ga- ; 
tion of tiny flowers. . - * ^ V ' . " ' / 

It would be very interesting ^for; the children to see and 'dissect 
real specimen^' of 4ach type'.^of flower. ^Almost any common 
spring flowering bulb will suf^ply example^-of three and six 
parted flo^^ers.: You^'c^n use t;^he flowers of papef-white nar->^ 
cissu^ or hyacinth, crocus ^-s cilia, ♦^ny lily or amaryllis, or ^ 
culip. ^^any florists will give over-age flowers" to 'classes. 
The easiest four-parted -flowers to find are thos^^ on a'^stalk of 
fresh broccoli.. Many buds -will open .if the stalk is kept in 
water in a warm room. ; * . >• ' ^ 




Specimens o£ five-parted f lowers' cap be found on flowering • 
-crab,, bridal >A7reathv firethorn, hawthorn,, june berry, quince,, 
pear, apple, mountain ash and wild pluml 

• • • • • • -i; 

Ah optional activity /for interested children. could be the collec 
tion and classification of flower pictures irom catalogues, ad- 
vertisements or household magazines. Naturally, this same 
activity can be continued outdoors when thk weather permits . 

A;word of caution should be added. . The crorrect classification 
of plants' depends on rnany Structures; not all\ plants with four- 
parted flowers are'ih the cabbage family.: There are some 
plants'^/vith five-i)etaled flowers that d9 not be^longjo the rose, 
family because of other structures in thS flowers. The work- 
sheets are designed to limit thte examj3lQS to faVnily. -Wild 
flower boblcs will supply helpful information about other plant 
' l^ies. . ' ^ • / 



- ^ MATERIALS 

1 



for each child — 



scissors ^ 

ruler \ , " 
^-^ .dolbred pencils: I te&, I blue and I gr:een 
.4 sheets of 8t" x I I'" fconstruction paper- 
Worksheets 24 through 41 



PROCEBUliE. 
'Activity A 



cucvo 



1^ 



Whi: e the; children are working on their flow^-- wo|rksheets, be 
sure to intrjidiice the pronunciation of the io ioWng words: ' 
PQly jon (pon-gonOj quadrilclterai '(kwad^rarlat^et-al) , penta- 
goH •pen^ta-gpnO,4iexagoh (hek^sB-gonO andjt^^^ Use 
\h^^ word^Aforrectly ^ut clo not insist that the cl^ildren learn/ 
them. You- in*ay. wiiS'hto point t>ut that a polygon is a closed / 



made up^ of line segn^entsv 



[Idv$;the q^ildren^tSomplete Work^ hee^la 24 J;hrough ^2.7;',When 
. ,everyaneUs finished, discuss, the differefit tyt)es bf^poiygcins 
'theyjhave constructed. ' * * • - ' " 
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Tell the children they are to complete Worksheets 2 8 through 
. 41 , They-can continue working on the wqrksheets whenever 
they have some extra time. These should be. co'mpleted "by the 
o next iVlINNEMAST class period. Then the children should re- 
move their flower worksheets from their Student Manuals and 
cut them on the^center lines making 19 flower cards. .Ask them 
to think of a way they could organize or classify their sets of 
flower cards into subsets',- 

, ■ • " I ^ • ' 

Activity B [ ' • ' . ' ^ 

Direct the children tojclassify their sets of flower cards, into 
subsets, using whatever properties they wish as. a basis tov 
I // classification. When everyone has finished this work,, have 

• J T various children re'port to the class the properties theyJ.used 
\ I to classify their cards. The children may use various' prop- 

^ ^ H erties,* whichever they choose is acceptable so long as they 

• can explain why they classified 'ihis way. Hopefully, some- 

. one will classify hi3 cards according to the polygon determined 
by each flower* s petals. In any case;' borrow the five foJlow- ' 
ing cards from a student and display tK^m, classified as 
sKown.^ Label each, subset". Discuss each flower's properties.. 

■■ ■ ' ■ ■ / ■ 

Hexagons / 

or , ^ 

puadrilateral's . Pentagons Triangles^-" Unknowns • 



(4-sided 
polygons) 

Wild Turnip 



(5-sided 
poiyg on§) 



Wild Rose 



(5 ahd 3- - 
sided poly- 
gons') 

Narcissus 



V/aterlily 



I ' 7 — Daffodil ; 

Give each child four sheets of 8^" x II" construction paper. 
Eaph sheet should he folded in half and used as a folder to 
hold each sut^set of flower cards; Have the children' label 
/each folder with the name of th.e subset: Quadrilateral (4- 
/sided polygon). Pentagon (5-sided polygon). Hexagon or * 
Triangle (6-sided or 3-sided polygon)/ and Unknown. Each 
/ child then completes the classification of his flower cards, 
including th"^ student whose five caAs you borrowed for dis- 
play. (These cards should be left on display, however.) • 

a;/ 



When, all the children have finished classifying their cards,, 
call on one student to come up and tape all the cards in his 
quadrilateral folder on the froard under the proper label. Have 
three other students do the same,with the carda:in the>^,other_ 
folders. - . . . ' 



A completed set would be classified* like this: 







Hexagdris*. 


Quadrilaterals 




or 


Pentagons 


-Triangles 


(4-sided) 


(5-sicled) 


(6 and 3- ^ 






sided) \ 


Wild Turnip 


■ Wild Rose 


Narcissus 


Toothw.ort 


Strawberry 


Daffodil 


Radish 


. Blackberry 


Day Lily 


Rocket 


Apple 


Hyacinth 




African • 


Trillium - 




Violet * ^ 


Spiderw ort 




Raspberry 


■AmaryijLis 



Unknowns 



Waterlily 
Sunflovyep 



Tell the children to .check their classification with that on the 
board. .Discuss this cla-ssification system with 'them. . .Theh , 
return-all' the cards on the board to the proper owners. 'Have ^ 
the children save their Classification folders and oard> for - 
Lesson II. 



Activity. C (Optional; * . ^ . ^ , . . 

' • ' » ' • . «' 
The children might ehjoy making up games to play With- their 
flower cards. For example, they could combine seV^ of. (Sjafds 
ajj^-j^y-^rgg^piB-^Tl-Idi Xo *^ld7M"axdT**~Errcourdge them to 
make. up thair own games a'nd rules, , * . » ^ , 
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person 1 0: CLASSIFYING P0LYG6NS^* . . * * - 

In this lesson the children class-ify a^set ofxardS showing . 
- • . polygons and non-^polygon$4fito various subsets. Tlie first" 
subsets they will use are polygons and non--polygons/ tlfe 
polygons being clgsed curves' made up of line segments, and 
the non-polygons' being open curves. 




• Poiygon__^__j_w;onz:EoLyg 



Then they classify the set of polyg'ons into subsets' of poly- 
gons </^ith 3, 4; 5, 6, or .8 sides. Each one of. these subsets 
can be^lassified into subsets of "caved" (concaved) pr "non- 
cayed" (convex) polygons . 




Caved - Non-Gaved 



As the children do this classifying, they will discbver.that the ,, 
triangles do not have a. subset of "caved" figures; in other 
words, the set of "caved" triangles is an empty set. They 
use think sticks to show-^thdt the triangle is the only-rigid 
polygorj (it is the only polygon whose' angles- carinot.be 
changed by pushing on th^ sides). As they fom each subset, 
*tl\e*children tape their carets to a large chalkboard tree dia'"- 
grain. 'This tree. diagram wiirbe :cOmpleted4n LessQn 11 . , 



' WHICH 6m OF THESXGURVES IS^A/OLYGON?^ THE, ■ • 
CLOSED CURVE OR THE OPEN CURvb^ • ^ • , 

Lead the/Ghiidren to'the conclusion that a polygon is a clpjsed' 
curve made . yp of •lirie-'segmejifs. - ' • . . > , '• 

Hav^ tiW Gh:ildrenVem9ve the sheets of polygon and non-po\y--" 
gbn c^rds frqm tjieir workbooks* You- should cut each sheet! 
into quarTers^o^ paper cutter. Give each child a large--^ . 
paper clip to keep^his set of cards togeUjfit,---TheTrco^ the 
sets of qards from jhei^cjiiW the class into groups 

^ J:hree-ea-airrT(Keep a lisf^f the^children in each group* \ 
You will needvthis information ior Lesson W .) \ 

. ^ ' / " ' ' - ^ ^ \ 

Give each group. of three a s^t of cards. Ask them to qlassify 

.their set of cards into two subsets; polyg.ons and non-poly-- 
gons . While the children are doing this,\ tapfe one set of cards 
to the chalkboard, Wall or bulletifi board and labeMt "Total 
3et'\ (See diagram below.) When all the groups have finish- 
ed their classification, have one group tell the class why 

;they placed certain, card £ -in either' subset. Tape thieir set of . 

^ cards. on the*chaikboard^ wall or bulletin board r- labeling the 

'two subsets polygons and non-p.olygons. * - \ ^ 

■ . Total Sef ^ ■ ■ ' 



□ □□^etc. -, 




Polygons ^ • Non-Polygons 

□ □□etc. □□□eU 



Give this group of children another set of "cards to work with. 

Ask the children to put aside their •sets of non-^polygqns.^ (It^ . 
might be" convenient. to give each group a paper clip to keep^. 
its set of non-polygons together;) Ask the children to classify 
their ^sets of polygons into, subsets, , using, whatever properties 
of the polygons the^ want as\a basis for classification. When 
the groups have finished classifying their polygon .qards, dis- 
cuss their methods of classification. - Most groups will 




^. , probably classify thgir_p'olygons accordingto the number- of " 
^ sidgs. Tape , an extra set df polygpn card's on the board using 
this method'' of ''classification. ' Label each sub^t. 

, - -.^ ■' . Total Set -' '^^^^ ' ' 

□□□etc." 



~ □□□etc.. 





Nbn-Polygons 
etc. 



3 sides,* 4 sides ^'"^ 5 sidbs^ — Besides — sides - 
□□□etc-. □□□etc .□□□etc □□□etc. □□□etc . ' 



j^X^^^® each grou'p five pamper c?lips to keep its subsets of poly- 
^^^«^^ons together.^ Ask a child -to. collect bll-.the sets of 3=-sid'ed 
*; polygons; ask knotrier child to collect all. the. sets of 4-:sided 
; polygons, etc/ When all the polygon sets have been collected, , 
divide ihe class^ into 'six groupjs. Give oAe grpup two, sets- of 
>. 3-sided polygons; give anotJi?r,gr&up,^twb-sets'pf 4-sided poly- . 
/gons/a^iother group two sets of S^sided polygons, etc. 

Draw these two^ polygon^ on the chalkboard 6r the overhead 
>. prpjector: n ' • . 





Ask the children to tell' you how. these, two figures ^are different. 
Lead, them to the realization that pne figurei^as "caved-in" or • 
"bentrin" sides, and the other figure'does^not. Explain that 
•the first^polygon is called a. "cav.ed" polygon and the second ' 

^ond is" called a ''non-caved" polygonr DraW bther 4xamples ' 
of polygons with "caved" sides and pplygoAs with "jion- 

' caved" sidqs. . . • * * * / 
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■ 4r 



' caved 



non-caved 




Ask each group to classify one of it^ets of polygons into ' 
".caved" and "hon-cacved":i?olygons^ When they argjinished 
twp children in each group shouW tape .their polygons on the 
chalkboard in the correct place, N^^^ee diagram* for the 
"sroup^ with 4- sided polygons, would look like this: " 



4 -sided Polygons 
□□□ etc. 



caved 
.CXlDetc. 



nopi'-caved 
□fid eta. ■ 



While, some of the children are taping their- polygon cards to- 
the charcboafd,. the othqr .children in their group should clas- 
. sify the other se,t of polygons into caved and non-caved poly 
gohs, ^ ' ' ^ 



4 ^ 



Give the children pa|)er clips to secure their subsets. Thea 
have them set aside their"* subsets. The chaikb.qard tree^clia^ 
gram should' now look like the diagram on the next page*.! 



Total Set 




□□□ 



*' Polygojis 



Non-Polygoris 

□□□ 



3 -sided 

□□□ 





4 -sided 

□□ 



5 -sided 

□□□ 



\^ caved 
(empty) 




6 -sided 

□□□ : 



8 -sided 





"non- . •/ non- \ / non-- / non- • fton- 

^caved caved caved ^ea.ved "caved caved caved ' cavecT caved 
□ □□□□□ □□□□□□ □□□ □□□ □□□ 



Discuss the tree diagram with the class. Sorheonte s.hould 
notice that the group working with 3-sided polygons .did npt 
classify any of their^pblygons as caved. Have the ^lass 
check the non-caved 3 -sidedi^ polygons to see if any of them 
^are caved. ' ' 

_ - * . » , . . 

Chal:lengre-'the-€4as-S7to try to. construct ^a 3-sided cavjed 
polygon. Remind them triat they pan only use tliree straight 
line segments. They should discover th^t they cannot 
construct, a caved 3 -sided pcJygpn using .three straight line 
segments . . . , " 
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Note: ^ The syrn of the mags of'^the angles of a triangle is 
alwa^srequal to 180^ or a'six hour^angle^. 




In a pblygon with caved. sides,\he two sides that are caved - - 
fojm an angle^whose interior mag Is greater than^J 80^. or 6 hours 




^SiBce the total mag/pf all the in^erior'angles of'a triangle ^ 
equals ),80^, no one of the three ancfles' could measure 180^ 
or more, . ^ ^ : 

You need not try to show this Ip the children; iristead^ they^ 
wiii use think .$tick4^•tp construct 3 to 8 sided .pc^ygbns, . 
Xh^y should discover that the trianc[le is the only rigid iig- 
urfe z^-" its angles canaot be changed.* ^he dialer polygons^are^ 
' not rigid, that is; ariglqs can be changed by pushing the ^ 
"sides jln different direction^\^'*- • - 




They can, construct cave'd 4 to'8 sided, polygohs by pushing in 
twp,sides', ^- ' ^ * . . J - - 
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- PQTTXpnstrqite to^the class h.ow to use the think sticks/ Tell- 
^ tftem the^ sticks will break if .used incorrectly/, demonstrate 
both the right and wrong ways pFputting the sticks and. con- 
.nectors-^togethen . 7^ 



Correct 



Incorrect 




They should use this same" method when taking the sticks and 
connectors apart. ^ . ' ^ 

Separate the children into the original groups of three and 
divide the paclcage of think sticks and *fconnectbrs among .thd - 
groups, making surfed eacff group gets a variety of lengths. 
Distribute the extra connectors so that/each group has a total 
of at least ei^ght. connectors . , 



Ask .each ^roup tp make two different 4-rsided polygons with 
its think sticks. ^When this has been completed, have each, 
g/oup report to the class some properties „ of its 4 -sided think 
stick polygons ; List these- properties on^the qhalkboard. 
On the next page, is an example of a.possible list.^ " 
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1 . F^lexible, flojp^y; 

2. Angles can be ^phanged^. , ^ 

3. Sides can be c^v^d in. -7 ^ 

4. If-one side is'l^tig©<r than- ^ - ; 
, the*^um-ofthe p,ther three '^T 

sides., you canhbt make a,^. 

/ polygon. ■ ^ . ' ^-^ \ ' 




Now as-k each, group to make a^triangle using their" think sticks 
Have the gfoups j^f)brt s.ome properties'. of their think stick ":■ 
triangles. List the properties ori the phalkboard and^cbmpare 
them to the properties of the 4 -sid'ed. figure s .. _ - _ . 

3-sided> Polygons . . . , . ^ ^ 

I . Rigid.* ' ^ y r . • 

' i.. .Angles cannot be changed. ' 
^ 3. ^Sides cannot tie caved in. ^ . 

4>, *If one side is longer than 

the 5um o^" the other two ' - • . ^ > - v 
^ .side^; "you cannot -make / ' 

a triangle*. ^ • \ " 




"Challenge the plass to make another polygon, .other t)ian the 
triangle, that i? ri^^id. They should soon discover t.hat the 
other polygons v^iil have the same basic^properties as the 4- 
sided polygon.* The^triangle is the only rigid 'figure.. 



CdllSct the think sticks frpm each gro.up. Yqu may^want t& ^ - . 
. .-X leave the sticks put on an activity table "for the children-'to 

^ ^ - experimei>t witK in- their spare- time. ^-Ask the grou^ - ^ 

their extra sets of caved arici non-caved polygons for the neixt 
^ . lesson. You should also save the chaikbo^rd tree diagram. 

_ . j^^^ lesson 1 ! . * , ' • _ - - - * 




Lesson- 1 J :• 'regUIAR P-GLYGbNS' ' ' " • " - '' * 

. . In this, lesson Jhe c-hildren continue to classify polygons", the ' 
final subset -being -regular and non-regula.>: polygons. A reg-. .' 
-ular polygon is a polygon whose sides-are all equal in length 
and whose angles are all eq-ual in mag. - ^ — ;-- 

'' Examples:" ° , v' " .'*..■■ 

Regular ■ ~ - . •- , ■ -^••Non-Regular'^ 




^ The children also classify their -flower card pblygbns as feg-- • 
' -ular arid noijrreguiar. .In the Idst Activity they use rpiffors to 
generate various polygons. 

" • ■• ■ . * 

MATERIALS ' ' '■ ' " .. • 

- Transparency A (included in printed materials; the lirinted " 
original is also included in the Appendix) - • 

-~ Transparency B grid; pririted origirial in Appendix) 

- two 1 7'-' pieces of yarn or string - > , 
>- overhead projector ,• ° •'; . • , • 

■ - polygon cards (from Lesson tO) ' " % 

^ - flower cards (from Lesson 9) " \ ^ 

- mirrors on blocks, I per child " " ' - 
•* . ' ♦* " 

- blank sheetsr-of paper '•s / ' 

- pencils ^ ^ . . ^ - ^ 



— ; rulers , I per child * ' ./ ^ 
— student clock protractors", I per child 
^- Worksheets 42; . 43 and ,44 « 



'PREPARAriGN 



Carefully cut out the polygons and labels^ ^om the top haltof 
Transparently A {cdlored red) / Save the. bottorrs. half of Trans- 
parency A for use in Lesson 1 3, .Make TranspBrency B-|?. using 
the printed original ifi'the Appendix. . ;^ / 



PROCEDURE 
Activity A 



Use the overhead projector. ^ Place tf^e red polygons on Trans.- 
parency B (|*'grid). Ask; 

WfiAT' PROPERTY Dp' ALL THESE POLY^ HAVEJN COM- 
MON? {They, are all 4-^'sided polygons .) ^ 

Write^this on* Trans parency .8. "'^^"^ \ 
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Then ask: , 

WHAT TWO SUBSETS CAN WE MAKE FROM THIS.SET .OF 
4-SIDED POLYGONS.? ("Caved" and "non-caved, ")" 



^i\adejh^ and arrahge them 

on Transparency Br Be suce to write\"noi^-caved'^ and Vxiaved" 



over^he twO subsets.' 
Ask' the class, to look at Figure. A, (the square). 



^^Ask: 



WHAT fi^O-YOIJ NOTICE/^OUT THE LENGJH OF FIGURE 
A's SIDES? (Ther^ppear^to^ equal in length.) - 

HOW-CAN WE.FfND Ql}.t IF THE^EDES-AKE;EQUAL IN , 
LENGTH? (Measure them.) 

Have someone line up the^s-ides of the square' With^^the. grid.- 
'They sjiould see that each of the four sides is two units long.. 

CAN ANYON-E FIND ANOTHER FIGURE THAT HAS SIDES'OF • " 
EQUAL LENGStft ' (Figure C. ') ' , "' ^' 

Someone shquld measure the length of Figure' 'C*s sides by \ ' 
lining up ea^ch'side with'a 3=unit segment of.the'^gfidi 

. * * ^ -> . 

Tell the class that we pan separate p;igures A- and G from-tiie 
other non-caved figur-^s jDy putting a' closed Qurve p[rQund them. 
Do this with one piece oi yarn. Place' the' label "'Sides- Equal 
Length", inside the :curve with Figures A and C* - 
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: ... ^ ■ .■ 

. Then aslc'the class: 



WHAT CAN YOU fELL ME ABOUT THE^MAGS .OF FIGURE A^'s 
^ ANGLES'? ^.(The;mags are aifequal; all the ^ngles are right 
ingles J ^ ' ' ; ' . 



Someone can„ show this either -by measuring the angles with his 
clock protractor 'or by' superimposing each angle on a right 
angle of the grid^, : * ^ . 

- CAN YOU FIND ANOTHER FJGURE WHOSE. ANGLES ARE ALL ^ 
EQUAL IN MAG?^ (Figlire B.) \ } " ^ " ''^^ 

Make a closed curve around those figures that have angles -of 
-eqiiaJU magr -Put a curve around Figure B and the labeL "Angles 



•Equal Mag." 

•Ask the children: ]^ ■ . ' ' ... 

IN WHICH CLOSED C^JRVE SHOULD FIGURE A BE'PLACEt)? 

L^ad^he children. to. the realization -that Figure A belongsln 
both clos€rd^eur:y;es/ iTave. spmeohe arrange the yarn Bnd.Fig- 
ure A so that;it.is,''jTisWe^thgjTiteraection of the two closed 
curves 




Tell the class -that there is' a special name for -polygons that 
have both the properties of the sides being equal in length 
atid bhe-angles being equal in mag: they are called "regular" 
polygons. The square is- a feg^ular 4-sided polygon. 

• - • ■ ■■ . ■""■'liC ■ ■ • • •'. 



Divide the clas's , into the^same grpupg of three ea.ch as you - 
^did for Activity Av^Lesson" TO. ' Direct. the children's attention 
to the chalkboard tree diagram they made in Lesson 10. Ask- 
-the groups to. take out their extra set of non -caved polygon 
cards. Ask them to separate* their non^caved. polygons into. 
two subsets' " orie subset .should contain the' regular polygons 
and the other subset the "non-regular"* polygons. (The com- ; * 
mpn nam^^for "non-regular'; polygbns* is "irregular-. You ma^ ' • 
want to xx^e both words interchangeably. ) When they have com- 
pleted this task/ two people should tape^ their group's subsets'" 
in the appropriate place on the chalkboard tree' diagram. The * 
compl^te,d tree diagram should look-like the diagram h^iov^. 



total Set 




Polygons . 



Non-Polygons- 




^ 4 -sicked 



'5 -sided 

□□□ 





6 -sided 

□□□ 




.8 -sided 

• □□□ 




non- X. ' non~ ^ / ^ non- 
ca,ved oave'dv caved ' cayed,. caved caved caved caved 

□□□ □□□ ■□□□■..QDD 



non- ; 
caved 







noiT- ^ ^ non-^. . , non- ~ non- 

regular regular regular regular regular ^regular regular regular 

□□□ □□□ □□□'"□CD and ■ □□□ 

The class should examine and discuss each group's place- 
eYit of.the-regular and non-regular polygons. ; ' • 



■ • . ^ ... 



Activity & 



Have the children take out their flower card folders, from Les- , 
sorH9, Using what they have leam.ed about regular polygons, 
have the children jpughly classify (by teye) their sets of flower 
polygons as regular and nohrregular (irregular) .' 

Soine children may want to make a tree diagram of their classi- 
fied flower polygons . They could list .the names of the" flowers 
, •^under each' category. 



'Activity C 



For this activity, haye the children- work in pairs. .Each* pair; 
will need two" mirrorji on blocjcs r a blank sheet of paper , ,a '^ - 
-pencil and a ruler. Ask" the children tQ^aw.a-^straightMinie^ 
segment across the, midd'e of their p^per. Have them plctce^ ' 
one mirror upright .at som'2' angle to the line segment. 




Ask them to look-in the mirror 
and^find put how many angles 
they can see. (One\) 



Say: 



IF WE PUT ANOTHER / 
MIRROR SO THAT • 

o^^E, OF Its edges ^ 

TQUCHES THE EDGE ' 
OF THIS MIRROR, 
(demonstrate by hold- > - 
ing two minrors to- 
g,ether but off the paper) 
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-AND THE.SECOND MIRROR ALSO FORMS 'AN ANGtE WITH 
THE irNE "SEGMENT, HOW MANY ANGLES DO YOU THINK 
YOU WIL£ see?- (Let^the children predict,) . " ' 



4!|^enJia.v^tha^children-puL^ 




HOW MANY ANC5LES DO YOlT SEE^NOW WJiEN YOU LOOK 
' OTO THE MIRRORS? • . ' • / 



•Gall on several children> Th^ir an^swera-wlll vary; depending 
otfTIxe m^g of the ahgle formed by the\two^ intersecting mirroj^^^^ 

Ask the children to change ^he angle l)etWeen the two mirrors'^ ^ ^ 
uiitil theV are able to see a triangle. When they have done ^ 
'thiS; ask them/to look into a neighbor' sj^mirrors and. see if'his 
triangle i§ just like their own. - Let them eocperXm'ent .with -their 
Airrors, making triangles that have side§ of different lengths. - 




.Ask^th^ Ghfldren to move both mirrors, together slowly / making 
the angle formed by the two intersecting mirrors smaller and 
, smaller. . ' ' * . . " . • 



lie 



WHAT HAPPENS TO THE ^JUMBER OF SIDES AND AN<5tES 
AS YOtJ>MOVE THE MIRRORS .GLOSER TOGETHERf (The 
number pf angles aha the nuriibercf sides increasgj 



^.Mavitlfie phildren-turn*to.:vypfk 42 and 43.: They wiU 

need^their two piirrors and their clock ^protractors.^ , Wheri:tli,iey 
' ha\/e- poiApleted Worksheet 43^ discuss their answers viitK^,- 
• them. - • - '^r.* " ; ^ , ' ' ^ . • . . " , ' ' ^ 



Worksheet 42 
Unlt»2t 



\ 



/ 

/ 

/ 



\ 



\ 



\ 



B C 



ite your clock, protract or* » - f 



t. What in the imk of nngle ABC? 



What U ;tho IMK of onicle IKD? Z*^ llQU r^ 



heet 43 

2t ' Sv/ * Narob^ 



Work^theet 43 
' Unit 

♦Vsc^Workshee t 42 to help you- answer' thoit quctt Ion*. 
' i>ut'2 mirrors on the dotted 1 Inos Itk© this: 



fit \3' 




Vso your clock protrnctor. ^ 

t* 'If the IMK of anftle AOC Is 
what do ypu fcuett the'mafc Is 
^ or angle CDC? 2_hfltUY^ ( \ 

2. If the ROK of angle llEO la J^JlCt"* 
what do. you Kue'ts*the iuk U 

of anielo- 3 UV^ , 

3. (Jure fully draw the^'Vhape you" see ^Ith the nlrrort. 




4« Did you fcuens correctly the mag* of 
anKleff OK: «nd to? \JAS 



Worktheet 44 

• ' UnJt'2l 



.4 



Pbt your Ml rrors oa 'tht.dot ted line*. 

Write the name of .the polygon you tee for each 
Mirror eet-up. 




^ JWorksheet'44y "P'odygon Puzzles 
^ .'should ^be dprie now by the chii- 
*dren. When they- are fitiished, 
ask them if they noticed 'any re-* 
^lationship.betw(5en the size, of 
the angles ''atrid the pumber of A 
sides when "f hey looked in th^eir 
mirrors* . ' ^ ^ . 




Greater mag of angles yields polygon's with greater 
nuni.ber of sides. 



P 




Smaller mag of angles yields polygons with lesser/ 
number of "sides. 

4 rt f 
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:Les§on.l2: SIMILAR TRIANGBES' ^ . \\ 

The purpose of this^lesson is to introduce the concept of sim- 
ilar triangles and to tie together similarity and scaling* The , ' 
children compare corresponding sides and angles of similar' 
triangles. _ • 

^Two triangles are similar when their sides are proportional 
and the mag of fheir' angles is equal; that is , if^two triangles 
are similar we can always find a proportional relationship, 
between the sides of one triangle and the sides of the other 
triangle, arranged in some arbitrary order. 

MATERIALS ^ f 

" ^ — several t^aperttlips . , 
. overhead projector 
yarri (optional) , 



. j , - , ya^ (optional) " " ? 

' r y " / taUpard/ 1 sheet ^ < ^ ' 



- blan^k transparency ^ ^ • " 

— 'for each child — * 

4 paper clipts , ' * , . 

- clock protractor (from Lesson 5) ^ ^ 

- scissors 

pencil , • ' 

colored pencils: 1 red, 1 blue and 1 green . 

- Worksheets 45 - 48 (sets of similar triangles) v 

- Worksheet 43 \- ' * . ^ 

- ruler 
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PROCEDURE 



Activity A 



The purpose of this activity is' for the children to . discover the 
relationships in a set of similar ;tr tangles^ They should- see 
that the corresponding angles of similar triangles are equal in^ 
mag, and that the corresponding sides'of -similar triangles are 
in proportion* The concept of proportion presented it this 
lesson is related to the concept of scaling presented in Unit 
I Soaliiig and Representation. • 



Each child will need a pair of scissors, a- pencil, a red 
colored pencil', a blue colored pencil/ a green. colored pen-- 
cil and his Student ManuaL Have. the children tear out. 
Worlcsheets 45 - 48v " ' ^ o 



T 



Worksheet 
Unit 21 



49 






^Hforiuheet 46 
Unit 21 - 




ft . 
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Ask someone to, describe the. set of triangles on Worksheet 45 
to the class, ke should n^te the different sizes of the triangles 
and the "hash" . marks jon the sides of the triangles/ some sides 
have one "hash" mark; some have two "hash" marks, and others 
have three "liash" marks. On the phaikboard draw a large.tri- 
ang'le with J, 2, and 3 "hash" marks on the respective sides. 




With red chalk, /)utline the side with one "hash" mark. Tell 
the class' to outline with their red,colored pepcil the sides of 
all the triangles on Worksheets 45 - 48 that "have one "hash" 
mark. When everyone has conVpleted this, color the side ^ 
with .two "hash" marks blue and the side with three "hash" 
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marks green. Tell -the children to do the same with the tri- 
angles on Worksheets 45 - 48.' •• 



> Green 




Now tell the ehildren-to cut out the set of triangles on^Work^ 
sheet 45 very carefully. When they are finished, 'each .child 
should stack his triangles in order, with the largest on the 
bottom of the stack. Ask them, to place their triangles in such 
a way that the blue sides are on. top of each -other, and the : 
xed-i)lue..angles- are- also -oil" top of each oth^^^^ 

They should cut 'out the sets of triangles on Worksheets 46,- 
47 and 4'8 and stack them the same way. 




Ask them what they notice about the mag of the red -blue 
angles. (They appear to be equal in;fnag - they all fit on 
top of each other evenly.) Tell the'class that their sets of 
triangles have certain relationships that are very interesting.' 
Say that if they compare the other arigles and the lengths of 
the sides they should be able to discover what these interest- 
ing relationship's are. Ask them to raise ^the•ir~hands-when 
they think they have discovered something. AUow time for 
free experimenting and discussion. 

You may want to walk among' the children drawing attention to 
certain methods of comparison being used. Some children 
may want to use their clock protractors for comparing the ma^ 
of the angles, others may use the superposition method. 



There are various methods that the children can use to com- 
pare corresponding sides s THey could use the smallest tri- 
angles as their standard unit of measure , marking off how^' - 
many small blue .sides there are on the blue sides of each of 
the other triangles^ This method can*alsb be used to compare 
the red an3. green sides* 




Some children ma^r want to use" a" ruler to compare the lengths 
of corresponding sides,v.however, many of the measurements 
will not come out to an even number of centimeters or inches. 

A 

After you feel the children have had enough timte for experi- 
mentation, have different. children show and discuss the^re- • 
iationships they discovered. The following is a list of a few 
concepts that could be discussed: 

4. The corresponding angles (the angles withjthe same colors.) 
are equal in mag • You may want Jtb introduce the word 
"corresponding" at this time, giving examples of things * 
that can go together — . left and right hands have corres- 
ponding, points, etc. In this case, the red sides ^re cor- 
responding sides, as are the green sides and the blue 
sides. > ^ ^ 

2. The corresponding sides are in proportion. You niay not 
want to use the v>/ord "proportion, " but discuss the rela- • 
tionships of the length of the sides, i.e. the red sides 
of the smallest triangle and the largest tria^ngle. have a 

I r-> 4 relation, etc.*' i ' . . . . 

3. Some children may notice that if they stack Ihe triangles 
in order from largest to sfnallest and line up pne corres- 
ponding side and angle, the sides opposite-'* the angle form 
parallel line segments. * * * 
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Tell the children we have a special name for these triangles: 
they are called "similar triangles J^^ 

^ " Give each child a paper clip to keep 'his triangles together,. 
They will be used in 'Activity B. 

~- ^^cti-vity-B-^ ■ v 

Divide the class into groups of four and ask the children In 
each group to move their desks close together. They should 
remove the paper clips from their sets of similar ^triangles: and 
then each group should thoroughly mix its sets of triangles , 
turning some over in the proces^. 

" Using what they have learned about similar triangles, the 
children should now be able to sort their combined sets of 
triangles into sets of similar triangles again^ 

« 

On the overhead projector place a set of similar triangles 
right side up. Flip over one of the triangles Ask the chil- 
^ dren if this triangle is still similar to the other triangles. 




^ The following definition of similar triangles is provided for^ 
your information and the children should not be expected to 
repeat if. "Two triangles are similar if their corresponding 
angles have the same mag or their corresponding sides ^re 
in the same ratio. " Therefore, since flipping a figure over 
doe$ not change ftie figure, the two triangles are still similar;. 
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Discuss this idea with the .children/ in terms that they can , 
understands , ; , 

You may want to make a bulletin board diaplay using the chil 
dren's ^ets of similar triangles. You could use yarn to.ma^ke 
a closed curve around each set of triangles, or arraiiga each 
set'ori'a large sheet of different colored, construction paper. 

Activity C ' : . ^ ^ - ' * ' v ' - 

In this activity the children use what they learned about- 
scaling in Unit"! 8, Scaling and Representation , to generate 

a s,et;Lof.similarv^triangles. You may find It necessary to 

quickly review the notation used in Unit 1 8, i.e. , 1 - 3, 
I 2/1 - 1, etc. and the term "scale up. " Have the chil- 
dren complete Worksheet 49./ 



Workih««t^49 

Unit 21 



Scale up ih9 imII trtaiifli. 
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Art tU«*i trunglea ilwlltr? 
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Activity D . ' ^ ■ ^ , ' . 

So far, the children have worked with similar triangles whose 
, sides are in integral proportions /i.e.,/ 1 ^.2, I 3, 1 -^^'4, \ 
etc. In this activity the' c las s ^orks^ together constructing a 
.set of similar triangles- wJiose sides are not in integral pro- 
portion.. While^ these similar triangles are being constructed 
t^e children shoUlci also notice that^once two equal correspond, 
ing angles are constructed, > ; 



the third corresponding angles will also be equal. 





Cut a triangle like the following out of a piece of tagboard. 




Outline your triahgle cutout on a blank transparency. Label 
the three vertices. Project it on the overhead projector. 
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Use a ruler to extend line segments "AC and AB for appi^oxir 
mately 3 or 4 inches, . • . - 




Ask a child to come up and mark any point on line segment 
AC. Label tljat point D. 





Place point C of your cutout triangle on point D ana line up 
-the sides of AC* 




B • E . 

Outline side CB of the cutout triangle* Witli your ruler, 
extend'this line segment until it intersects line segment AB* 
Label this intersection E* . , 
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■ B " E • ..^ 

Outline triangle ADE in red. Ask the>hUdren if triangle ADE ' 
is similar to triangle ACB. , Have someone show the class that 
they are similar by moving the cutout triangle ABC so that B 
coincides with E to show-.that those two angles are equal. 
Then, mpv^ the cutout triangle so that C coincides withD*to 
show that thosfe two angles are equal. Finally/ move the cut- 
out triangle so that A coincides with A'to shbvy- that those two ■ 
angles are equal. . . " ~ - 




B • ■ E 



Ask the children if they notice any particular property of line 
segments CB and DE. (They are parallel, but the children 
might not know or use this word.)- 
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Using cutout. triangle ABC/ construct several other similar 
triangles us«ing' this same procedure. The finished tfanspar^ 
ency might look like this. 
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Lesson 1-31; CONGRUENr FIGURES ^" • • 

In this iosson we introduce an intuitive approach'tb cpriSi'u- 
eiice. A cbngnaent figure is a special kind of similar figure. 
Two geometric figures are congruent if they have- exactly the 
same size and shape — when superimposed, on bne another 
they will fit exactly. The children discover that the cpngru- 
enpy of two figures does not change when on^ of the figures 
Is flipped 'Over. ' ' ' ' . 

The concept of congruency can also be applied to symmetrical 
* patterns; , . ^ 

mTERIALS ' \ • \ ■ ' ' 

- 10-12 sheets of.\2" x 18" construction paper ' ^ 

— scissors \ ' ^ 

- Tra^nsparency B (from- Lesson M) • 

- bottom half of Transparency A (from Lesson 11) • ' 

— overhead' projector ^ ' ^ * , * ' 

— transparent tape \ / 
^ Worksheet 50 

PREPARATION ^ . ^ 

^you will need cutout congruent polygons of three, four,- five 
and six sides. You -can prepare these cutouts easily and 
quickly by putting two or three sheets of construction paper 
on top of each other and cutting out the' figures freehand. ^ ' 

Each pplygori should be approximately 4 or 5. inches across. 
You should be aWe to cut out 4 to 6 polygons from a large • 
sheet of construction paper (12" x 18"). . (See examples pn 
the next page.) - . 




Activity A • ^ ' . " 

Gather the class into a"group and -put the set of cutdut^Vin the 
% . . center of the group. - Choose any one of the cutouts and hold 
it up. Ask the class if anyone can find another pblygon cut- 
out just like the one you're holding. Let the children suggest 
^ some methods for finding the ma^tching polygon. Call on a 
. volunteer to find a matchih^-polygon. He] will probably ^rum- 
mage through the* set of cutouts looking f^r one that matches. 
^ . When a few fig'ulres have been tried; suggest that this method 
take^s^too^much time. Ask: ' 

. IS THERE;S0MEXHING .WE, COULD DO TO MVKE IT EASIER ^ 
TG> FIND A PQLYGON THAT GOES WITH .THIS ONE? 

Lead the childreh^to suggest that they should sort the poly- 
gons into subsets of polygons that have the same number of 
sides. Call on four children- to" sort the set of butouts into 
subsets of three, four, five, and six-^ided polygons. 

* » * ' * , . . ' ^ > 

When the subsets are assembled, 'divide the class intojEour 
groups and assign each group to a set of cutouts. Tell them 
. that each pjolygon.in-ttie set has at least one other matching 



polygon, and that tli^^fetnlld sort their set into subsets pf 
polygons tfiat are §ilike. Let them devise their own method 
of- sorting.. - 5 

When the children have 'finished sorting' their cutouts, '""ask a 
child fiom each group to dempnstrate the method his group 
us^d to find the matching cutouts.' Some children will report 
that they found the matching polygons when the sides were 
the same, and shQw^wo superposed" figures. Elicit the , 
^idea that all corresponding' sides have to be- the same length ' 
•in order fox' the cuiouts to he the same. If no one has men- 
tioned it, direct Ae children's Qttention<to the angles' They 
should also sea^that the corresponding angles appear to be ' 
equal in ma^. A" ■• . 

Tell the children we have a special name for figures that wilh' 
fit on top of each other or figures that "m^tch" / they are 
called "congruent;"- Write the word "congruent" on the chalk- 
board. * 



Activity B 

• . / Cut out the 'two right tri-. 
' , angles frqm the bottom 
half of Transparency A 
(red acetate). You will^ 
al^o need Trahsparend^^^B 

^ (clear grid. transparency) . 

Place the red, cutbut tri- 
angles oh the gfid trans- 
parency. 

Flip ov.er one of the^tri- 
ahgles.* u 

^ The sides of the right 
ar\gles should be lined 
up with "the grid li^ 
You may wairit^to tji 
, \ . ihe two triangle& to the 
grid transparency! 
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Ask the class if they tftiink these tvyo triangles, are cpngrueht. v 
Have various children give reasons for their answers, fhe \ 
final verification should be to supiarimpose one triangle on the 
other. - Do this vyithout flipping *the one triangle back over.^ 
You will not be able to place one neatly on top of the other. ' 




Superpose corresponding, angles on each other. The chil- 
dren's hould see that jail the cprresponding angles .aretequall 
'They should .also see that the corresponding, sides pre equ^l 
(either* by measuring, Witli^the gri'd^ or lining up each pair of 
sides) . Ask: ' * ^ ■ \ 

(are these two jriangles congruent? • / \ 

The 'children will probably cfisagree — the corresponding sid^s 
'and angles'^re equal, but they ftan\t seem to be able^to fit 
one. on top of the other so they fit exactly. , * 

V 

Then a«c: , . : ^ % 

\ IS^HER&ANYONE'WHO CAN DO SOMETHING SO THAT 
THESE TWO^TRIANGLES WILL FIT EXACTLY ON TOP-OF 
, .EACHpTHER?, . r / ^ ' 

From their experiences in Acti\iity A, someone should be able 
to suggest that one of the triangles be flipped over. When 
this is done, the triangles will fit exactly ^6n top of each 
^bther. The triangles are congruent. 

^ . , . * • ' ^ . ' • 

So far, we have limited ourselves to congruent polygons; 'how- 
ever, the concept of congruency can be applied to many geo- 
metrii^ figures. Line segments are congruent if tTiey have the 
same length. Angles are congruent if they have the same njag 
Regions are congruent if they have the same area and shape. 



Worksheet 90 
Vnii 21 ' 



Kaao 



^ feat ciich pair. wrth*your\uJcri, ' 
Ik' A nearly confruent with'B?. 









* 








yet 

A 





Discuss these ideas' .with 
the children and, then Hfeve 
them do Worksheet 50. 



Activity C (Optional) 



/ 



Units 7 and 14 are MINNEMASf symmetry units." Many of 
the aft activities in these units cc/uld be used at this time 
as examples of congruence'. ' ^ 

E;<ample. page 86, Unit 14, Ej^f)loring Symmetrical Patterns' 

J — 



Jr7 
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L^.sson 14: PATTERNS WITH POLYGONS; TESSEIATIONS 



Throughout this lesion, the children ^re given man/ different 
problems to look at_, think aboilt and solve. You shouid in- 
volve the children in discussion of the questions arid*manipu^ 
lation of-the materials, get them to think aboul: the prpl)lems 
^ and try to solve them for themselves. In some cases you m^y 
,want to leave drawings and question^^ on the board to give the 
children time to think about them and to arrive, at their own ^ 
conclusions.^ x:he major, emphasis in the problems is on find^ 
ing patterns i% designs and shapes". Doing this kind pf Work 
develppfs sKill'in locking for relationships among elements. 
The ability to s§e such relationships is fundamental in underT 
standing mathematics and 'science. . 

The word "tess elation" means any arrangement of polyg.ons ^ 
that fit together to cover a plane surface completely^,, with 
none of the polygons overlapping. The polygons can be reg- 
ular or irregular, concave or convex and may form a symmetric- 
tsal or an asymmetrical tesselation when they are -fitted to- 
gether. In this lesson, the v/drk is limited to those tessela- 
tions which exhibit repeating symmetry. Although the chil- 
dren will be working with and forming tesselatioris, you need 
not teach the word "tesselation" to them, 

MATERIALS ^ - " ^ ^ 

^ - scis.sorsv I per child . ~ 

— paper cutter ^ : 

- 9" X 12" black construction paper;* 2 or 3 isheets per child 

- overhead projector ^ • 

- globe , ^ 

- baggies (small plastic bags) , 5 per c^ild 

- crayons. 

- -construction {Daper pind paste (optional) 

- Worksheet^ 51 -"S I 




PROCEDURE- ■ ; 

Activity A 

Have the thildreii cut off 
two strips of triangles from 
Worksheet 5 1 , Then they 
should carefully cut out the 
triangles in each^ strip • 
Discuss- with the class the • 
. properties of the equilateral 
triangles, (All sides are 
of equal length, all angles 
ar^ of equal. ma^J* 

Mfer the triangles have 
been cut out, give 'each 
child a sheet of 9" I 2" 
black construction paper. 
The tilangles'will be easier 
4;o manipulate bn the coarse 
• construction paper than on 
a smooth desk top,. Ask 
the children to niake different shapes by placing their trian-' 
gles together. Allow time for free experimenting. Some chil- 
dren may want to show the class some of the shapes they<'\ 
make. You could use the overhead projector for this. .The.; 
following are some shaiies they might make; 



I , ' Sides together, so that they coincide. 



2. Sides together, but without coincidence. 
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3i Vertices together. ' 



[X] 



^ 4. Triangles on, top of other triangles . 



Tell the children that they should use a rule that they can ' 
only make shapes that have the sides of the triangles to-^ 
gether with the endpoints of the triah'gles matching (see #1 _ ■ 
on page 1 29) . After the children have had time to experimetit, 
(discuss several basic shapes they can make this way. 



rhombusx 



! 



trapezoid 



A7 




parairelogram 



Azy 



hexagon 




Suggest to the children that they\try to discover more shapes 
by combining other shapes. Spmevmay make a star. " 




Show them how a larger' hexagon is formed if more triangles 
are added to the star. , , • . "^k 



Activity B 

Let the children investigate-the following problems. Put^ife 
drawings on the board. You may also want to write the ques- 
tiorife on the board and leave them up for several days. Go on 
to other activities in this lesson and then come back to this 
one later and discuss the children's observations with themi 

1. • ■ 




HOW MANY SMALLER HEXAGONS CAN YOU FIND WITHm 
, THIS. LARGER HEXAGON? THE TRIANGI:ES OF THE SMALL- 
ER HEXAGONS CAN OVERLAP. (7 smaller, overlapping 
hexagons.) ' T 

WHAT HAPPENS IF WE BUILD ONTO THIS FIGURE WITH 
TRIANGLES? (We -can get bigger and bigger hexagons with 
other shapes inside of them.) - , ' . • 




WHAT DIFFERENT SHAPES CAN YOU FIND WITHIN THIS 
HEXAGON^? THEY CAN OVERLAP OR NOT OVERiAP. (There 
are six rhombuses that overlap. There are three rhombuses 
that do no't 9verlap. If someone notices this, ask him how 
many different ways this hexagon can be separated into 
three rhombuses . There are also six trapezoids that over- 
lap.) • ■ ' 

' . • . 141 



UOW MANY SMALLER JIHOMBUSES ARE THERE WITHIN THIS 
LARGER RHOIVIBUS? WHAT HAPPENS IF WE BUILD. ONTO 
IT WITH TRIANGLES'? . " 

Follow the same procedure with the trapezpid and the parallel- 
qgram as* the starting shapes . - . - ^- - - 

Eventually-the children should see that as they continue to 
build on with triangles, ^they will fdrm larger'and larger ver- 
sions of the starting shapes . . , 

Activity C ^ . 

Have the children work inpairs'^l They should use their sup-, 
ply of equilateral tricing les to try to tile a piece of black con- 
struction paper. -^Have them cut extraVstrips of triangles from 
Worksheet 5 I as they need them. Aslc^ them if they can coveV 
the paper completely without leaving any spaces and without 
overlapping. This Is possible only if they cut the triangles 
when tliey get to the edges of.the paper). Ask^them to try 
covering one of the comers of the papef With triangles. They 
should see that they would have to cut some triangles to cover 
the corner neatly, too. Then ask: \ 

COULD WE COVER lx"IE WHOLE CLASSRO (DM FLOOR WITH- 
OUT LEAVDJG ANY SPACES? 

Let the children speculate, Some children may want to try 
to cover part of the floor with their triangles. Eventually 
someone .may-suggest that he would have trouble with the 
corners -and edges, Ask: 

' COULD WE COVER THE WHOLE PUYGROUND? (yes , but 
we might have difficulty at the corners-and edges.) 



WHAT SHAPE WOULD THE PLAYGROUl^D HAVE TO BE SO • 
. THAT THERE WOULD BE NO PROBLEM AT THE EDGES? 
(Triangle,_rhombus, trapezoid, pa'raHelogram, hexagon, ^■ 
etc.) . ■ 

.• COULD W;e go on covering the ground WITH TRI- 
ANGLES AND LEAVE NO OPEN SPACES? 

Some may say yes, if the ground was "flat. Someone else " 
may say you would have irouble eventually, because the 
earth is not flat, it is round. Have a child try .to cover a 
section Qf the globe with his triangles. The children should 
see that they have to. bend or disfigure the triangles in order 
to cover an area of the globe. ' . 

i. 

Give each child a baggie in which to keep his. cut out tri- 
angles. They wiil be used again in Lesson 15; 

Activity D ^ 

Have the children look at ' 
Worksheet 52. Discuss 
the repeating symmetry of 
the equilateral triangles.- 
Then ask the children if 
they can see any shapes * . / 
other than triangles* on the 
page^. This should get 
them to look^for combina- 
tions of triangles that make 
other polygons, as they 
did in Activity A when they * 
fit cutout triangles, tog ether 
in different combinations. 
When a' child finds a shape, -v 
ask him to outline it. Then 
ask if he ^^an find anotlier 
shape like the first one. 
They should go on^utlining" ' * ' 
the same shape wherever * 
they find it on the page. 
Some children m^y pidk out 
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a shape and repeat It In such a way that the page is tesse- 
lated. Others may make a design that is not a tesselatlon» 
Shown below are ,tW6' examples of a design In which the- 
hexagon Is tfcie single element. The first example Is a tesse- 
latlon; the second Is not/ because the surface Is not com- 
pletely covered. (If, however, we think of the second design 
as being made up to two elements — the hexagon and the 
diamond shape — it is a tes.selation J 




t 



Some children may pick out an initial shape, of which they 
cannot find another example* - 
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Don't emphasize the idea of making a tesselatioh/ but rather, 
have the children compare and contrast their designs with 
' each other. Hold a discussion ab9ut the different kinds' of 
designs. ■. . ' ' - " " 

This activity continues, on Worksheets 53-55. These vork- 
» sheets are the same as Worksheet 52, except for the work-^. 
sheet number. , ' • ' 

Activity E- ' ' . ■ 

On Worksheets 56-59 are more complex patterns than that on 
■ Worksheet 52. The children should do the same thing on these 
worksheets that they did on Worksheets 52-55: outline a 
shape or shapes-, try to find that shape again (i.e. , repeat • 
the pattern), and then color the ^pattern. Suggest that th^y 
try to maintain repeating symmetry in their coloring. 

. i ' ' ' . 

Encourage the chilc|ren to design their own patterns and to ' 
color them. Discuss where the patterns they have made might 
be used, or found. (Bathroom floor tilesT kitchen floor patterns, 
wallpaper designs, carpet designs , brick wall designs or gar- 
den landscaping.) ' 



Activity F (Optioftal) 



The children might want to design .a pattern that c^n be used 
for a tile flopr or for landscaping. They could also design a 

^ • tesselated flower and vegetable- garden and plant seeds in 

large trays ^ foHowing their pattern. , Below is an exainple of 

' 3 such a garden, ■ . * 
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Activity G *• " - 

Have the children remove Worksheets^eO and 61 from their 
Student Manuals and cut them into strips along the dotted 
lines. Then they should cut out the individual triangles and 
\ pentagons. 

\ Give them three baggies apiece in which to keep their cut- 
\put polygons. 

Waking v^ith their triang.les and pentagons, the children 
shoyd experiment to see what different shapes they can make 
by fitting their cutout polygons together.. Then suggest -that 
they tby to cover an area such as <piece of construction 
paper Wkh their cutout polygons, without leaving any em^ty 
■^spaces aiid without. overlapping. When they work with pe 
pentagonsV they should discover that they cannot cover a " 
surface completely, 

\ ■ 147 , . ■ ■ ■ 
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The children may want' to i|ake 'designs that show^'lateral, 
repeating or rotational symmetry. Sdme niay want to .paste, 
thbir cutout polygons on a sheet of cdnstructibn paper)* mak- 
ing a permanent record 6f what they have' discovered. --You 
could make a bulletin board "display of these. Use a different 
example from each child in the class. 

^ You may v^rant to allow time for a shov^r-and-tell situation dur'-/ 
ihg which the children report to the.clasis some of the discov- 
eries they have made. * .•■•„.' < 



SECTION 3 



POLYHEDRA 



In Section 3, there are numerous open-ended investigations 
with plane alnd solid figures. There are two lessons in 
this section. Mthe first one^ the children ;make a tran-- 
sition from two-d\mensiot\aTto three-dimensional shapes, 
g Th^y.work with flat shapes (for example, squares) .and put 
thqm tc^gether with^tape to |^nn'a thre'e-dimensional shape 
(for example,; the cabe), •A'h important part of this study 
is free exp6rimentatfon,with Flexagons, both, during glass 
time and during free ttme'i^ ^ ' * ' . 

In the second less on,, the -children construct additional dif- 
ferent threevdimensionai solids from twi:) --dimensional pat- 
* terns • ' , * . * 

There' are many big words Vn these less(!)n3, such as tetra- 
hedron, icosa'hedron, "dodecahedron, etc. It is not neces- 
sary for the children to/memorize or learn^ hqvv'td spell 
th^se words. However, they might enjoy hearing the'tech- 
.nicai names for the different shapes as they work with them*^ 
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Lesson \§: FROM 2 -DIMEI^SIONAL SHAPES TO 3-DIMEN.SIONAL SHAPES 

The children visualize Icongruent or similar shap.^s that are 
in: different orientationL Th^y also make th*e transition from 
two-dimensional shape'p to\three-dimensionc(l' shapes. 

MATERIALS 



— "square, counters, 6 per chil 

- >2" X 18" constructic^n pa per ^ I or 2 sheets .per child 

— transparent tape, i 5 rolls \ 

' - \ ■ 

- equilateral triangles (from Lessor^ 14) 

— . Flexagons ' \^ 
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PROCEDURE 



Give each child six square coianters and' a piece of construc- 
tion paper. Telil them that today they are going to solve a 
problem. Ask: ! - ^ , ■ - 

HOW MANX DIFFERENT PATTERNS CAN WE MAKE USING 
FIVE SQtJARES? (Let the children make several guesses.)' 

Ask them to use the same' rule they used in Lesson 14 the 
edges ''must fit together evenly.' ' * 

The children can use the construction paper to keep a record 
orthe different patterns they make. They can use their sixth 
square as a guide for drawing the patterns; Demonstrate the 
procedure by placing'sfive squares in th.e following pattern. 



/ ■•■ 
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Then demonstrate how'to use the sixth^square to draw the 
pattern ♦ ' « 



6 



i i_ 
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When the children understand what to do,, have them proceed, 
Walk among them and give suggestions. Many children may 
yave trouble deciding if two patterns ^re the same if one is 
ppped or if one is at a different orientation^thanthe other, 



flipped 



There is a total of twelve different patterns: 






"Pass out a roll of transparent tape to every two children. 
Ask the children to see what^ shapes they can inake'-by tap- 
ing the squares together. Tell them that the squares do not- 
have to lie flat on the desk. Some children should discover 
a cube. .If two children put their pieces together, .they could 
make a rectangular box. ■ • ' . •?• 



Have everyone make a cube without a top. Then ask them to- 
try to visualize what the box would look like if it were flat-' 
tened out and to draw a picture of what they think it would 
look like. These pictures, should be quite Interesting. If the 
children count the faces (5 squares), their drawings mic-.u re- 
semble-some otthe five-square patterns they made earlier, 
for example: 







\ 









If someone notices this, have the chlldi^ speculate 
which patterns their flattened-out boxes v^^ld look like,. 
They should check their hypotheses by cuttin^he" tape hold- 
ing their boxes together, and trying to flatten thehv^oxes so 
they look like whatever patterns they have chosen. 
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The following eight patterns (out of the twelve original pat- 
terns shown on page 142) are the possible patterns that the 
flattened-out boxes will look like. 



Some children may want to tape their boxes together again " 
and try flattening them to form another- pattern. 



Have the children count the number of faces at a corner. (3 J 




As-k whal\ wo.uld happen if 'the're were four faces meeting at a 
comer, ^hey should try thlsi. Someone should see. that there 
will be a flat surface when there are four faces at a corner. 



Have 'the children take out the equilateral triangles they used 
in Lest^on 14. Ask them to see what shapes they can make by 
taping their triangles together.* Again, the triangles do not 
have to lie flat. Someone should discover the tetrahedron. 



Ask": 

i. 



,HOW MANY TRIANGLES DO WE HAVE AT EACH CORNER? 
(3.) " . ■ . . 

Bring out the Hexagons and show the children how to put 
them together With rubber bands. They can use these during^ 
their free time to make solid figures like the cube and tetra^ 
hedron. Ask them to find out if they can have more than] 
three triangles meeting at a comer and still make a solid. 
^ They might also try to find oiit. if they can make solids using 
pentagons, hexagons and sguares. ' | • 

If there are other- second grade classes in your^schoql, you 
may want to borrow their sets of Flexagons for your classlto 
use for a few days. 1 
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Lesson 16: POLYHEDRA- 



In this lesson, the children learn ho,w to construct three-^. 
dimensional solids from* two-dimensional patterns, how to 
construct rigid and non-rigid solids^ and how to construct 
congruent irregular tetrahedrons. 

A polyhedron (pol-ee~HE-drun) is a solid figure in^three* 
dimensions*, all of whose surfaces or faces are flat or plane 
polygons. Cubes, boxes, pyramids,, tents, and buildings 
are all example^ of polyhedra. Polyhedra are more difficult 
to describe than, polygons, because, each face may be a 
different kind of polygon. For example, in Figure 1, we see 
a 7-sided polyheidrdn whose end faces are pentagons and 
whose other five faces are rectangles'. 



In Figure 2, we see a 14-sided drum-shaped polyhedron 
constructed from triangles and hexagons. • / 



A regiilar solid or polyhedron is one in which all of the faces 
are regular polygons , the edges are all alike, and the ver- 
tices are all alike. (We mean that there is a symmetry opera 
tion that will trans^brm any face, edge, or vertex into any 
other face, edge or vertex.) As 'amazing as it may seem, 
there are only five^egular polyhedra, a fact discovered over 
2,000 years ago by/fhe Greeks. The five' regular* polyhedra 
a re; 




1.. 



The four-sid6d pyramid ' 
or tetrahedron.' (4 faces, 
all equilateral triangles.) 



2. The cube or hexahedron. 
(B faces, all squares.) 



3. The octahedron. (8 
. faces, all e'quilateral 
triangles.) 



4. The dodecahedron. 
' . " (1 2 faces, ^all regu- 
lar pentagons . ) 

5. The icosahedfon. (20 
faces, all equilateral, 
triangles.) 

^ MATERIALS 

^ transparent tape, 1,5 rolls (from Lesson IS) 

- Flexagons (from Lesson 1 5) • , 

- think sticks and connectors (from Lesson 10) 
scissors 

- paper clips per child 

- crayons . , , 

- Worksheets 62-6'6 (regular polyhedra construction sheets) 

- Worksheet 67 (irregular tetrahedron puzzle construction 
sheet) ^ 

PROCEDURE ' ' . " - 

MQtivity A - . , * . \- 

'Review the procedure used in the previous lesson to make 
th6 cube and tetrahedron. If the children have had time to 
'experiment with the Flexagons, some may want to report 
their findings to the class. A-sk them if anyone ^wa^able to 
construct a figure using more than three triangles at a * 







corner* Someone may have^been^able to make the octahed- 
ron» 




Have the childreh' remove Worksheets 62-66 (regular poly- 
hedra construction sheets)' from their; Student Manuals, 
Pass out the rolls of transparent tape, \Ask the children to > 
look at their polyhedra construction shdets, Teli them that 
after these figures have been cut ^put) tney can be folded to 
make solid^shapes/ \ - ' 



.Worksheet 62 
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The figures will be easier to fold if the edges are -scored'. 
With some ^practice tlife^^ildren should have little difficulty 
with scoring. .The procedure for scoring is the same as 
for drawing' a straight line segment using a ruler, except 
that the open pointed end of a scissors is used instead of a 
pencil, ^ 

r 




All the dotted^ lines should be scored.. 

Divide the^class into groups of five. One child should put 
together the cube, one child the tetrahedron, one the octa- 
hedron, one the dodecahedron and one the icosahedron. . 
(They should construct their extra solids when they have fre^ 
time, or they could take them home.) 

Within each group, the childrea should examine each ot|;iers' 
solids.; When all the groups have finished making' a solid 
. of each type, discuss their properties: number of faces, 
number of corners,, polygons used to make the solids, etc. 
Discuss why these are called regular solids. 

Activity B ' 

Pass out think sticks and connectors to each group of 
five children. Give each group at least six sticks the same 
lengthi twelve more sticks of another length and twelve 
connectors. Ask the children in each group to make a tetra- 



hedron (4 -sided polyhedron) using th\ir think stidks.^ Ask 
them how many edges," and how many cWners their tetrahe- 
dron has, (It has the same number of ^ges as the number of 
^sticks used .and the same- number of comers as the number 
of connectors used.) Now ask each grouX to make a. cube; 
They should notice the number of sticks, n^ded and the num- 
ber of connectors neede^d ~ tv^^ice as many\s for the tetra- 
hedron. ^Cfhe tetrahedron has six 'edges and^our corners; 
the cube has twelve edges and eight corners .Jx Ask them if 
they can notice another difference between the^cube and the 
tetrahedron. Someone'.should mention that the cube is "flop- 
py" and the tetrahedron is "rigid. " Some children may remem 
ber when they used the think sticks to m^e polygbns* in 
Lesson JO* At that time they found t>^e triangle to \e the . 
only rigid .figure; , \. \ 



Some children may want to experiment with the think s\icks 
and try making mixed "floppy-rigid" figures. 

Have the class compare a. think stick cube to a tagboard 
cube. 

WHY ISN'T TliE TAGBOARD CUBE FLOfPY? (The faces 
act as'bracing for the sides.) 

Some children may want to try cross-bracing their cubes to. 
make them rigid. 

For further investigation, the following question could be : . 
raised:. ' , . 

If the triangle is the only rigid polygon and the tetrahed- 
ron is made of triangles and is also rigid, does that mean 
that all solids that are made up of triangles will be rigid 

As a special project, some children may want to try con- 
structing the octahedron and icosahedron u^lng. think sticks. 



Activity C 



Have the children remove Worksheet 67 (irregular tetrahedron 
puzzle sheet) from their Student Manuals. Give each child 
six, small paper clips. The children should color one side 
^of their woiScsheets . Ask them to cut out carefully the four 

■ ' p 




puzzle pieces. Tpll the chU- 

^ dreh that^^he tabs can be fold- 
ed in either direction and that 
these, pifeces cd,n be fitted to- 

^ gether to make aletifahedron. 

' Ask if it will be -a regular tetra- 
hedron. They should be ^ble 
to conclude that since the tri-- 
angles are not regular >t;e iet- - 
rahedron will^not be regulj^-. 

. Ask half the clas$ fo make a 
tetrahedron so that the white . ^ 
side is on the outside and the 
other'half- of the class to make, 
a'' tetrahedron so that the colored 

/side is on the outside. 



Show the children how to use the paper clips to secure 
two flaps. 



When the children have 
completed jtheir tetra- 
hedrons, jhfaVe them com7 
pare the white and coloreci^ 
tetrahedrons. Ask them if 
their tetrahedrons are the 
same. (Th^ey are the^ ^ ^ 
mirror images of each 
other — like your left and » 
right hands!) 



Some children may want 
to investigate the possi- 
bility of making a tetra- 
hedron with bdth'^colored and white faces. How many ways 
of Arranging jthe two colors are there? ' How are the coJLors . 
arranged ^ on the inside of these tetrahedrons? These ques- 
tions can be 1 left open-ended. * ' i 
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Lesson It • 
Transparency A 



Angles Equal Mag 



Sides, Equal Length 
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